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Introduction 


In the years immediately preceding the 
Second World War the classical inter- 
pretation of the stamen and carpel as 
phyllome structures — the equivalent of 
leaves— was seriously challenged, particu- 
larly by Thomas (1932 and 1936) and 
Wilson ( 1937) ; and a fresh point of view 
with the somewhat high-sounding title of 
The New Morphology was put forward. 

Thomas contended that, as the study 
of fossil plants has so far afforded little 
or no support for the classical view, it 
may be due to the fact that in the angios- 
permous line of descent the structures 
that were destined to become stamens 
and carpels were segregated from the 
photosynthetic parts of the sporophyte 
before these latter had become actually 
differentiated into foliage leaves. Hence 
stamens and carpels cannot be considered 
to be modified leaf-structures as they 

-antedated the evolution of these. Ac- 
cording to this view then the reproductive 
and photosynthetic structures in the 
angiospermous line have progressed in- 
dependently of each other, and so it is 
beside the mark to attempt to draw any 
homology between the two. 

That sporangia were originally borne 
at the apices of a dichotomously branching 
thallus may be generally conceded. The 

earliest known land plants, the Psilophy- 
tales, from the Lower Devonian — parti- 
cularly the Rhyniaceae — strongly suggest 
such a primitive position, which through 
the hands of Zimmermann (1930) has 
developed into what has come to be 
known as the Telome theory. The intro- 
duction by him of the term, telome, for the 


ultimate branchings of a forking thallus 
has come, one imagines, to stay. Bower in 
his last important work (1935) endorsed it. 

Some years before this Lignier ( 1903 ) 
put forward a comprehensive theory 
regarding the origin of the leaves of land 
plants which is also in its main points 
generally acceptable at the present time. 
He divided vascular plants into two main 
categories — the small leaved ( micro- 
phyllous ) and the large leaved ( mega- 
phyllous). In the former group the 
leaves are regarded as outgrowths 
(enations) from the stem (axis). The 
club mosses (lycopods) may be cited as 
conspicuous modern examples. This cate- 
gory need not concern us further here. 

To the megaphyllous group were assign- 
ed the ferns and pteridosperms. Here 
the leaf is regarded as arising through 
the limited growth of one of the branches 
of a dichotomous thallus. By a con- 
tinuation of this type of branching it is 
easy to visualize the evolution of an 
axis (stem) bearing laterally dicho- 
tomously branching leaves. Palaeobotany 
not only supports such an origin for 
megaphylls, but present-day ferns even 
show signs of such an evolution. Their 
fronds (leaves) often reveal signs of 
dichotomy with some slowness in termi- 
nating their growth. 

Then the fossil evidence from Devoni- 
an times upwards suggests that the 
photosynthetic organs advanced gradually 
from dichotomous structure with filiform 
branches — not necessarily all in one 
plane —to flattened leaf-like organs 
brought about through webbing and 
concrescence. Now it is suggested, or 
to use a stronger term assumed, in The 
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New Morphology that in the angios- 
permous line of advancement the fertile 
telomes were segregated from the sterile 
ones before these latter through arrested 
dichotomy evolved into foliage leaves. 

Further it is considered that the re- 
productive (sporangial-bearing ) sporo- 
phores retained largely this primitive 
mode of branching right up to the 
angiospermous level. An apical bi-synan- 
gial anther can be imagined as resulting 
from two telomes fusing first to form an 
apical bilocular synangium, and then by 
two of these synangia coming together 
to form eventually a bi-synangial structure 
such as is exemplified in the anther. That 
structures more or less of this kind were 
borne by the Filicales (Pteropsida) in 
the past is fairly clear. Somewhat similar 
reasoning has been brought forward 
respecting the carpel, but this is beyond 
the compass of this paper which is limited 
to a consideration of the evolution of the 
stamen. 

Wilson’s evidence (1937) for such a 
derivation of the angiospermous stamen 
is largely culled from an examination of 
the androecia of the dicotyledonous 
orders, Parietales and Malvales, with 
particular stress on the character of the 
vascular traces. To take an example 
he regards each staminal bundle in a 
flower of Hypericum as a simple stamen 
which has preserved its original branching 
condition with apically borne synangia. 
This is opposite to the view taken in formal 
floral morphology, namely that the bundle 
of stamens has arisen through the branch- 
ing of what was originally a simple stamen. 
Personally Iam more inclined to regard 
the androecium of Hypericum as derived 
from an indefinite number of free stamens 
becoming joined together into bundles 
through the concrescence of the lower 
parts of the filaments. Thomas has also 
expressed himself in favour of regarding 
branching stamens as primitive. 

In opposition to the above view 
regarding the origin of the stamen, it may 
be imagined that organs assuming a 
lateral position through unequal dicho- 
tomy may have preserved from the 
beginning both photosynthetic and re- 
productive functions; and that conse- 
quently the separation of these two 


functions was initiated after and not | 
before the development of the foliage 
This separation may! 
ways. I 
Originally, perhaps, the tips of the filiform ] 
branches of the dichotomously formed. 
primitive leaf would develop sporangia) 
Later, |} 
when the leaf developed lamina through f 


leaf ( megaphyll ). 


have taken place in various 


when conditions were favourable. 


webbing and became more monopodial 


in its branching, the sporangia would: 
tend to assume a more lateral ( marginal) 
position and later still a superficial one. 
This is exemplified in present-day ferns, J 
which have also largely retained no clear 


morphological distinction between re- 


productive and sterile fronds— both being | 
in lamina) 
almost |} 


often similar or almost so 
expanse and so presumably 
equally photosynthetic. 


There is also considerable fossil evidence! 
that the seed-ferns ( pteridosperms ) -—\) 


the supposed remote ancestors of the 
flowering plants (angiosperms ) — had 
originally no marked separation of the 
two functions. The frond could at the 
same time be both reproductive and 
photosynthetic. 

Later it can easily be imagined — and 


there is some evidence for this — that the} 


reproductive fronds (leaves) tended to 


differentiate themselves from the purely{f 


photosynthetic ones by a marked reduction! 
in the laminae as well as in other ways. 


Further being heterosporous plants there 


would be a tendency towards the res- 


triction of the two kinds of sporangia tof 


separate sporophylls — one bearing micro- 


sporangia and the other megasporangialf 


only; and they would tend to evolve 
separately on individual lines. 


A further advancement would be theif 
gathering together of these two kinds'# 
( strobili ).# 


of sporophylls into cones 
This is apparently what took place in) 


those remarkable plants, known only} 
in the fossil state, the Bennettitales.# 
Here, at any rate, there is clear and 


startling evidence of frond-like micro- 
sporophylls being caught up as it were 
into a cone. 


presumably seed-bearing pteridospermou 
structure is unknown, but we are not. 
concerned with this here. 
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How the female part of the 
Bennettitean fructification arose from a# 
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There is no insuperable difficulty in 
deriving by much reduction the angios- 
permous stamen from the Bennettitean 
microsporophyll. In fact there is fossil 
evidence of what appears to be consider- 
able reduction in some of these sporo- 
phylls from the very frond-like ones 
seen, e.g. in Bennettities ( Cycadeoidea ) 
dacotensis. 

Consequently, in my opinion, there 
seems no real adequate grounds for reject- 
ing the classical interpretation of the 
stamen as a reduced phyllome structure 
in place of that put forward in The New 
Morphology. 

However, it is not the object of this 
paper to criticize in any detail the views 
put forward in The New Morphology, 
but rather to bring into prominence a 
structure in connexion with the stamen 
which has been largely ignored. This is 
the frequent protrusion of the connective 
beyond the anther. If vestigial and not 
as a rule a new outgrowth, then its 
presence may be used as evidence against 
the view that the anther has preserved 
in its long line of evolution its primitive 
terminal position. But rather that the 
position is recent and that originally in 
the angiosperm or its immediate ancestors 
the two synangia were borne laterally 
on the filament, and that gradually 
they have assumed a more terminal 
position through the suppression of the 
terminal sterile portion and through 
the compression of the intervening con- 
nective. 


Connective Protrusions among 
Angiospermous Families 


Though prolongations of the connective 
when marked have usually been noted by 
systematists, few botanists have ventured 
to suggest that these protrusions have 
any phylogenetic significance. Hallier 
(1903) defined the primitive stamen as 
possessing a flat club-shaped apex. Arber 
and Parkin (1907) suggested that the 
continuation of the connective beyond 
the anther as a sterile tip in the Magno- 
liaceae may have ancestral significance. 
Parkin stressed this further (1923). 
To quote, ‘‘ This vestige, as we believed 
it to be, suggests comparison with the 
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sterile pointed extremity of the Bennet- 
titean microsporophyll. At any rate this 
protrusion of the connective beyond the 
anther may point to the fact that in the 
angiospermous line of descent the anther 
had not originally a terminal position, 
but that in the course of evolution it has 
been left so through the sterile terminal 
portion of the stamen aborting.” 

In going through the families of angios- 
perms systematically and noting down 
the instances of connective protrusions 
when mentioned or depicted, as well as 
from personal observations, it is clear 
that some continuation of the connective 
beyond the anther is of fairly frequent 
occurrence and further that on the whole 
it is more in evidence in the less advanced 
families. 

Beginning with the Magnoliaceae ( sensu 
stricto) here some protrusion of the 
connective is recognizable in all the 
species. In correspondence with Mr. J. E. 
Dandy, who is monographing the 
family, he informs me that he regards 
this protrusion as a primitive feature of 
the family. To quote from his letter, 
“I certainly regard the prolongation of 
the connective as a primitive character, 
even though its best expression is found 
in the comparatively advanced genus 
Aromadendrum. It occurs also in other 
genera ; indeed there is almost always 
some evidence of it, and there are some 
very good examples of it in Michelia — 
incidentally among some of the more 
advanced species!’’ In other families of 
the Magnoliales the monotypic Himan- 
tandraceae has a long drawn out con- 
nective. There is also a broadly pointed 
protrusion in the monotypic Lactorida- 
ceae. The Winteraceae ( Drimys, etc.) 
rather surprisingly has little or no pro- 
longation of the connective, likewise the 
Schizandraceae, also the somewhat ad- 
vanced Trochodendraceae. The fairly 
extensive family, the Anonaceae, clearly 
related to the Magnoliaceae and most 
likely a derivative of it, is almost wholly 
characterized by some prolongation of 
the connective. This may be quite cons- 
picuous and bizarre in shape. With the 
exception of the Myristicaceae, the more 
advanced families, such as the Moni- 
miaceae ( Doryphora, an exception) and 
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Lauraceae show little or no prolongation. 
Myristica is interesting as, though the 
stamens are united into a column, the 
connective protrusions have been retained 
and fused to form an apical cap. 

Another quite small family, the Caly- 
canthaceae, deserve mention here, though 
Hutchinson (1926) has removed it from 
the Magnoliales to the Rosales. There 
is an archaic look about it and the stamens 
show some protrusion. 

Turning now to the other — the herba- 
ceous — wing of what used to be styled 
the Ranalian plexus, the Ranales ( sensu 
stricto of Hutchinson ), the family Ranun- 
culaceae itself affords few examples of 
protruding connectives. Slight projections 
are noticeable in species of Helleborus, 
Thalictrum and Actaea. But in most of 
the Nympheaceae prolongation of the 
connective is generally discernible and in 
some genera quite marked, e.g. Nelumbo 
and Nuphar. In Nymphaea itself pro- 
trusion seems more apparent in species 
with less syncarpous gynoecia. The ad- 
vanced genera, Barclaya and Euryale, 
show little or no protrusion. Cabomba 
and Brasenia, forming a separate family 
in Hutchinson’s arrangement, have no 
prolongations. 

Another circle of affınity of interest in 
this connection has its centre as it were 
inthe Hamamelidaceae. This family may 
be considered as a kind of halfway house 
between the Magnoliales and the Amenti- 
ferous families. Prolongation of the 
connective is frequently shown, notably 
in Bucklandia. Some isolated genera, 
monotypic or of few species, forming 
separate families but akin to the Hama- 
melidaceae, show often some protrusion 
of the connective e.g. Eucommia, Myro- 
thamnus, Platanus and Garrya. On the 
other hand the stamens of the advanced 
catkin families, such as the Betulaceae, 
Corylaceae and Fagaceae, have terminal 
anthers with no connective protrusions. 

The Piperales are also not without 
interest. In the less advanced family, 
the Saururaceae, there is some prolonga- 
tion of the connective. Then in the 
Piperaceae itself Nematanthera (two 
species) has a marked lengthening of 
the connective above the anther, where- 
as the anthers appear to be uniformly 


terminal in the large genera Piper and 
Peperomia. 
In the Urticales it may be worth 


noticing that the monotypic Barbeya has | 


an apiculate connective. This seems ex- 
ceptional for the order. 


Among other polypetalous families with 


produced connectives the Dipterocarpa- 1 
respect. | 
Certain genera too in the Flacourtiaceae 


ceae are prominent in this 
show protrusions — a family considered 
by Sporne ( 1949 ) as showing a maximum 
number of primitive features. 

The Sympetalae are not without ex- 
amples of genera with protruding con- 
nectives and the great family of the 
Compositae must not be omitted of 
mention here. The androecium is very 
stereotyped with its free filaments and 
fused anthers. A pointed projection of 
the connective is seen between each pair 
of pollen sacs. This structure prevails 
throughout the family except in the small 
sub-tribe, Piqueriinae. Here in agree- 
ment with Small (1919) one may regard 
the apical appendages as having been 
suppressed. 

Turning to the Monocotyledons ex- 
amples of the protrusion of the connective 
are not perhaps so prevalent as in the 
Dicotyledons. There is some evidence of 
it in the Hydrocharitaceae. In Typha 
the connective is produced bluntly above 
the anther. The Pandaceae may show a 
vestige as it were. Among the palms, 
the genus Phytelephas is prominent in this 
way. The Cyperaceae show protrusions 
frequently, but not so the Gramineae 
which is generally regarded as the more 
advanced family. In Hutchinson’s order, 
Dioscoreales, the connective is markedly 
produced in such monotypic or small 
genera as Trichopus, Avetra, Stemona and 
Stenomeris. 
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Before dismissing the Monocotyledons | 


the genus Paris must be mentioned as 


showing a very marked protrusion. |} 


Though it has usually been included in 


the somewhat unwieldy family of the 
Liliaceae, Hutchinson (1934) makes a 


new family of it, the Trilliaceae, along 


with Trillium and two kindred genera. 


The connective prolongation in this family 
will receive further consideration in a 
later section of this paper. 
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Forms of Stamens and their 
Evolution 


In endeavouring to picture what might 
be styled as a primitive or early form of 
stamen we are almost limited to a con- 
sideration of the androecia of existing 
angiosperms. The gap between the 
angiospermous stamen and the micro- 
sporophyll of lower groups is wide and so 
far unbridged by any fossil data to hand. 
Hence palaeobotany helps us little beyond 
mere speculation. 

Turning to present-day plants and 
taking the fairly prevalent view that the 
Magnolian type of flower has many 
primitive features, the stamen here is 
characterized in a general way by having 
a short, broad filament and a wide 
connective protruding beyond the pollen 
sacs. These are long and fused with the 
connective. The dehiscence is longitudinal. 
Whether the splitting is outwards (ex- 
trorse ) or inwards (introrse) or lateral 
seems a minor matter being as a rule 
intimately connected with pollination. 
From such a stamen all other angio- 
spermous ones seem capable of derivation. 

A general way of advancement is 
brought about by the lengthening and 
narrowing of the filament, by a decrease 
in the width of the connective and by 
the suppression of its protrusion beyond 
the anther. If in such a type of stamen 
the pollen sacs assume a marginal position 
with lateral dehiscence, the anther in 
descriptive terminology is said to be 
innate and if the connective is hardly 
apparent basifixed. If on the other hand 
the pollen sacs are ventrally or dorsally 
placed (resulting in introrse or extrorse 
dehiscence ), the anther is said to be 
adnate to the connective. 

Another general tendency in the evolu- 
tion of stamens with long pollen sacs 
would be the freeing of the base of these 
from the connective. When this becomes 
accentuated so that a third to a half of 
the pollen sacs become detached from the 
connective what is known as the versatile 
anther is evolved. The anther is now 
gently poised on the filament and is 
capable of a swinging motion when 
touched by an insect or in the case of 
anemophilous flowers swayed by the wind. 
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The grasses are of course conspicuous 
examples of the latter category. This 
suggested way as to how the versatile 
anther has arisen seems hardly to have 
been expressed before. Should instances 
be forthcoming in which the freeing of 
the pollen sacs from the lower part of 
the connective takes place during develop- 
ment support would be given to this 
view as to the origin of the versatile 
anther. 

Other forms of stamens such as ones 
with anthers opening by pores or flaps 
will generally be conceded as derivative, 
the longitudinal splitting being regarded 
as the more primitive mode of dehiscence. 

Another advance in staminal evolution 
is the complete separation of the two 
pollen sacs either by the splitting of the 
connective and may be the filament as 
well or by the widening of the connective 
in the horizontal direction. The Malva- 
ceae afford conspicuous examples of the 
former and the Labiatae of the latter, 
especially so by the genus Salvia. 

If one imagines the early form of 
angiospermous stamen as a_ branched 
structure with terminally borne anthers 
(synangia ) — persisting as it were with 
little change from the primitive telome 
stage — it is difficult to see, for example, 
how such a stamen as that of the Magno- 
lian type could be evolved. On the other 
hand, such a stamen can be envisaged as 
arising through much reduction and 
compression from a frond-like micro- 
sporophyll as exemplified in the Bennet- 
titales. 


Prolongation of the Connective may 
have Biological Value 


Though I am inclined to regard the 
protrusion of the connective beyond the 
anther as a vestige pointing to the stamen 
(microsporophyll ) as having primitively 
its pollen sacs laterally rather than apically 
borne, yet it is quite possible and indeed 
probable that in some cases the protrusion 
may have been extended and elaborated 
in one way and another to assist in 
pollination. 

A recent paper by Howard (1948) on 
West Indian Magnoliaceae is significant 
in this respect. In this group of species 
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the stamens are characterized by having 
long pointed prolongations of the con- 
nective. He shows how these setaceous 
tips can play an important part in cross 
pollination. 

We know so little as yet respecting the 
pollination of tropical and sub-tropical 
trees and shrubs that this observation by 
Howard suggests that it might be of 
considerable interest to investigate the 
mode of pollination in other members of 
the Magnoliaceae with marked protrusions 
such as Aromadendrum. The Anonaceae 
might also receive attention in this 
connection and the Dipterocarps too. 

There is little doubt that the ring of 
connective projections in the Compositae 
is of advantage in the pollen-presentation 
mechanism by holding the pollen pushed 
up by the piston contrivance and so 
preventing it from being scattered and 
wasted. 


The Vascular Supply of Stamens 


The vascular supply of the Magnolian 
stamen may be brought forward as addi- 
tional support in favour of the primitive 
character of this type of stamen. Eames 
and MacDaniels (1925, p. 279) in their 
text-book on Plant Anatomy point to 
stamens as typically possessing a single 
vascular strand, but do mention some of 
the Magnoliaceae as having three traces. 
Little attention hitherto seems to have 
been paid to this from the phylogenetic 
point of view. From personal observation 
the presence of additional vascular strands 
has been confirmed in Liriodendron and 
in various species of Magnolia examined. 

The filament of Liriodendron, for exam- 
ple, has in addition to the centre bundle 
a lateral one on each side making three 
in all. Towards the base of the anther 
( pollen sacs) these lateral bundles tend 
to branch and a transverse section through 
the anther itself shows three laterals on 
each side of the central bundle. The 
vascular tissue is continued into the 
sterile tip. 

Though of the opinion that vascular 
evidence in phylogenetic speculation is apt 
to be overstrained through failing to 
recognize that an increase of vascular 
strands may have arisen to supply an 
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addition of new parenchyma, yet one is 
inclined respecting the Magnolian stamen 
to see here an archaic feature on the 


grounds that this type of microsporophyll | 


shows otherwise primitive features. The 
more massive filament and connective 
require greater vascularity. As the stamen 
thins out as it were less vascular tissue is 
required and the typical one with a single 
median vascular strand is reached. 

From the phylogenetic standpoint the 
vascular supply of the stamens of the 
Magnoliaceae and allied families might 
bear further and more detailed investi- 
gation. 


Comments 


A critic, one imagines, will at once 
alight upon the marked instances of 


connective prolongations as weakening the | 


case for regarding protrusions generally 
as a primitive feature. It has already 


been pointed out that though Mr. Dandy | 


finds some protrusion general throughout 
the family Magnoliaceae, yet its most 
marked expression is shown by species 
less primitive in other respects. 

I am quite willing to admit that these 
long drawn out protrusions can hardly 
be regarded as primitive and the shorter 
ones as reductions. Reference has al- 
ready been made to the part these long 
projections may play in the pollination 
of one group of species of the genus 
Magnolia itself. So the thought arises 
that what one might consider a dormant 


vestige may be aroused to activity as it |f 


were and produced into an organ to serve 
some biological purpose. 

How far such an idea can be considered 
as conflicting with Doilo’s Law of Loss 
becomes a matter of debate. This law 
infers that an organ once lost is never 
regained in its original state. Emphasis 


should possibly be laid upon the word | 


“original”. The new growth, if it be 


such, can be imagined as very different | 


from the original extension which may 
have been the apical sterile portion of a 
frond-like sporophyll. 

A parallelism might here be drawn 
respecting the stipule. 
members of the leaf have been evolved 
primarily for bud protection from what 


Apparently these | 
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were originally green assimilating organs. 
They have largely lost any photosynthetic 
function they once possessed as they are 
shed as soon as they are no longer required 
for protection. Yet we know of many 
cases in which the stipules persist as 
green assimilating organs and they may 
even take the place of the foliage leaf 
itself as has happened in the pea, Lathyrus 
aphaca L. It looks here as if a function 
largely lost can be regained, but at the 
same time most likely the new foliar organ 
is very different in aspect from that from 
which it may have originally evolved. 
Early in this paper the more frequent 
occurrence of connective protrusions in 
the lower groups of flowering plants has 
been somewhat stressed, hence my critic 
may bring forward the Compositae as a 
difficulty, if the apical appendages to the 
ring of anthers be held as the retention 
of a primitive character. This successful 
family has long been considered as occupy- 
ing a high, if not the highest, place in 
floral evolution, hence it is rather surpris- 
ing that so highly an evolved flower 
should have retained such a supposed 
primitive feature. One admits this with 
some reservations. The present tendency 
seems to be to lower the status of the 
Compositae. Sporne (1949), forexample, 
does not find the family high in advanced 
characters. At the same time it may be 
pointed out that the related Campanula- 
ceae, but of a lower status, has often a 
protrusion of the connective and this is 
particularly marked in the sub-family 
Lobelioideae (raised to family rank by 
Hutchinson ), which has an androecium 
foreshadowing that of the Compositae. 
Small ( 1919) in his exhaustive treatise 
on the Compositae enters very fully into 
the characters of the apical and basal 
appendages of the anthers and considers 
both of them as sterilizations of 
“potentially sporogenous tissue. At 
that time this phrase, thanks to the 
work and speculations of Bower, was very 
much in the air. I am at one with Small 
in considering the anthers with apical 
appendages only as primitive to those 
with basal ones as well ; but he does not 
seem to have drawn any distinction 
between outgrowths from the connective 
and those from the pollen sacs. The 
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apical appendages would appear to be 
prolongations of the connective and hard- 
ly, therefore, come within the category 
of sterilized potential sporogenous tissue. 
The basal appendages, on the other hand, 
appear to be outgrowths from the pollen 
sacs themselves and independent of the 
connective, and further perhaps in these 
days there is little need for bringing in 
the sterilization concept. 

A small family of Monocotyledons, the 
Trilliaceae, is not without interest in this 
connection as it contains a species, Paris 
quadrifolia L. with a long drawn out 
connective. Of the neighbouring genus 
Trillium, the Regius Keeper of the Royal 
Botanic Garden, Edinburgh, kindly sup- 
plied me with fresh flowers of several 
species. I wish here to tender him my 
grateful thanks. In all those examined 
some protrusion of the connective was 
found, but none has it in the long attenuat- 
ed form shown by Paris quadrifolia. 
Watson ( 1879) has divided Trillium into 
two sections, one with species showing 
the connective produced beyond the 
anther and the other not so. This is 
perhaps of some value for key purposes, 
but from my observations species such 
as T. erectum L., T. erythrocarpum Michx., 
T. grandiflorum Salisb. and T. ovatum 
Pursh., though placed in his non-produced 
section, show some protrusion though 
not as marked as, for example, in T. 
sessile L. of the other section. One is 
inclined to regard the protrusion as shown 
by Trillium as primitive and that of Paris 
quadrifolia as derivative. This view is 
supported by the fact that other species 
of Paris, e.g. P. henryi Diels, Py in- 
completa M. and B. and P. polyphylla 
Sm. have protrusions more after the style 
of Trillium. 

There are two other genera, besides 
Trillium and Paris, making up Hutchin- 
son’s small family Trilliaceae. These are 
Scoliopus with two species and Medeola 
monotypic. Surprisingly these both have 
a somewhat advanced type of stamen in 
accordance with the view of staminal 
evolution adopted in this paper. They 
have short anthers without any protrusion 
and with the filament attached somewhat 
in the versatile position or at any rate ad- 
nate. From this one learns how quickly 
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a stamen may change its character in a 
comparatively narrow circle of affinity. 
Then one may ask are these two genera 
relics or recent evolutions ? 


Summary 


1. The classical view that the stamen 
is a modified phyllome is contrasted with 
the recent idea, as developed in The 
New Morphology, that it took its origin 
before the foliage leaf had been evolved. 

2. The protrusion of the connective 
beyond the anther when present is re- 
garded on the whole as a vestige pointing 
to the pollen sacs not having originally 
an apical position. If so, then this feature 
may be considered as favouring the 
classical view. 

3. The presence of these produced con- 
nectives is briefly traced through the 
angiosperms and stress is laid on their 
more frequent occurrence among lower 
families — particularly the Magnoliaceae. 

4. From such a stamen as possessed, 
say by Magnolia or Liriodendron, all other 
types of stamen are shown as capable of 


derivation. The versatile anther, for 
example, is visualized as arising through 
the separation of the lower parts of the 
pollen sacs from the connective. 

5. The presence of three vascular traces 
in the Magnolian stamen instead of the 
usual single one is brought forward as 
an additional feature favouring the pri- 
mitive character of this type of stamen. 

6. In certain instances protrusions of 
the connective may have been elaborated 
to serve biological purposes, particularly 
pollination. This has been shown quite 
recently to be the case in a group of 
Magnolia species. 

7. The apical and basal appendages of 
the anthers of the Compositae are dis- 
cussed, as well as the stamens of the 
Trilliaceae with special reference to Herb 
Paris (Paris quadrifolia ). 


My grateful thanks are due to Miss 
Lorna I. Scott, M.Sc. of the Botany 
Department of the University of Leeds, 
for so kindly typing the manuscript, and 
for several suggestions which have in 
the main been embodied in the paper. 
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A CONTRIBUTION TO THE MORPHOLOGY AND 
EMBRYOLOGY OF CUSCUTA HYALINA ROTH. AND 
C. PLANIFLORA TENORE 


B. TIAGI 


Government College, Ajmer ( India ) 


Cuscuta is a well-known total parasite 
with about a hundred species distributed 
all over the world in warmer and 
temperate regions. They fall under three 
sub-genera, Eucuscuta, Monogyna and 
Cleistogrammica. 

C. hyalina and C. planiflora!, which are 
the objects of this study, belong to the 
sub-genus Eucuscuta, in which the bases 
of the two styles are separated by a narrow 
depression and the fruit is obtuse. 

C. hyalina is common at Ajmer during 
the rainy season especially on Tribulus ter- 
restris (Figs. 1-3), but may parasitize other 
plants which come in the way. It has 
slender stems which flower abundantly 
and impart a yellow colour to the green 
turf. C: planiflora (Fig. 4) is parasitic 
on some field crops, especially Cuminum 
cyminum which is cultivated during the 
winter season. Its thin stems spread 
quickly and cause considerable damage 
to the crop. 

The material was fixed in formalin- 
acetic-alcohol and Navaschin’s fluid. Of 
these the former gave better results. The 
sepals and petals were removed before 
placing the flowers in the fixing fluid and 
older ovaries were trimmed or punctured 
from the sides. The material was em- 
bedded in paraffin in the usual way. 
Sections were cut 10-12 u thick and were 
stained mostly with safranin and fast green, 
which proved more satisfactory than iron- 
haematoxylin. Embryos were dissected 
out from maturing seeds. Smear pre- 
parations of pollen were also studied. 

Among previous papers on the subject 
may be mentioned those of Peters ( 1908 ) 


1. Thanks are due to Mr. M. B. Raizada (Dehra 
Dun) for identification. 


and MacPherson (1921) who studied 
Cuscuta and Convolvulus, and Fedortschuk 
(1931) who described the embryology of 
C. monogyna and C. epithymum. Smith 
(1934) made a taxonomic and morpho- 
logical study of the species of Cuscuta oc- 
curring in North Carolina, and Johri (1934, 
1951) described the development of the 
gametophytes and embryo of C. reflexa. 


Flower 


The floral parts arise in acropetal suc- 
cession — sepals, petals, stamens and car- 
pels ( Fig. 5). The primordia of the two 


Fic. 1 — Photograph of C. hyalina parasitic 
on Tribulus terrestris. 
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carpels and the ovules develop almost 
simultaneously (Fig. 5) but the former 
grow faster (Fig. 6) and fuse incom- 
pletely so as to leave a cleft in the middle 
region of the ovary (Fig. 17). Stig- 
matic tissue is present at the place of 
meeting of the septa and probably serves 
to nourish the growing pollen tubes. 

The bracteate flowers occur in dense 
clusters (Fig. 1) and are commonly 
pentamerous, but a tetramerous arrange- 
ment is equally common in C. hyalina 
(Fig. 12). In C. planiflora the flowers 
form dense globular heads (Fig. 4). 
The calyx and corolla are membranous. 
The petals are larger and acutely lobed ; 
scales are absent in C. hyalina ( Fig. 13 ). 
The epipetalous stamens project in be- 
tween the corolla lobes (Figs. 10, 11, 
13,14). The ovary is bilocular with two 
basally attached and anatropous ovuies 
in each loculus (Figs. 7-9, 18). The 
two unequal filiform styles bear glandular 
stigmas which are capitate in C. hyalina 
(Figs. 15, 22) but elongate in C. plani- 
flora (Fig. 16). 

Large secretory cells occur in all parts 
of the flower especially in the ovary 
wall, being more abundant in C. plani- 
flora. In earlier stages they contain 
a large nucleus and dense cytoplasm 
(Fig. 19) but become vacuolate and 
begin to disorganize after fertilization 
(lies 20,217), 


Microsporogenesis 


The young anther consists of isodia- 
metric cells and is almost circular in cross 
section. It gradually becomes squarish 
and then four-lobed, the inner lobes dif- 
ferentiating earlier (Fig. 23). In each 
lobe a plate of hypodermal archesporial 
tissue differentiates. The outer layer of 
the archesporium cuts off the primary 
parietal layer which divides to form two 
layers. Of these, the inner functions 
directly as the tapetum, and the outer 
layer divides again to give rise to the 
endothecium and an ephemeral middle 
layer (Figs. 24-26). Peters (1908) 
overlooked the middle layer in C. epi- 
thymum, but Johri (1934) demonstrated 
it in C. reflexa. In my material its 
remnants were distinguishable up to the 


formation of uninucleate pollen grains 
( Pie727): 

The endothecium shows the usual | 
fibrous thickenings (Fig. 30) which are | 
also seen in some other cells lying towards 
the connective. Anthers with sterile pol- 
len grains do not seem to open; never- 
theless the fibrous thickenings are formed 
in the endothecium. 

While the meiotic divisions are in pro- 
gress in the anther, the tapetal nuclei 
divide mitotically and the cells become 
bi-nucleate ( Figs. 26, 27, 31). Accord- 
ing to Fedortschuk (1931) the tapetum 
is two-nucleate in C. monogyna, and in 
C. epithymum there may be up to four 
nuclei which eventually fuse to form a 
common nucleus with a variable number 
of nucleoli. While the pollen grains are 
uninucleate, large vacuoles appear in the 
tapetal cells, their walls break down and 
the protoplasts coalesce to form a con- 
tinuous mass ( Fig. 27). In my material 
the nuclei were not observed to fuse but 
disintegrated as such along with the 
cytoplasm. It is noteworthy that simul- 
taneously with the disintegration of the 
tapetum some _ peculiar droplet-like 
bodies appear on the inner wall of the 
anther (Figs. 27-30). They surround 
the developing pollen grains and perhaps 
contribute to the formation of the exine. 
Fedortschuk (1931) called attention 
to these droplets in Cuscuta monogyna 
and C. epithymum and their presence 
has also been recorded in several 
other plants but nothing is definitely 
known about their function (see Mahesh- 
wari, 1950). At maturity the two pollen 
sacs of each lobe become confluent due 
to the disintegration of the partition. At 
this stage the wall of the anther consists 
of only the epidermis and the fibrous endo- 
thecium. Along the line of dehiscence 
the epidermal cells are extremely small 
and show a marked contrast with the 
adjacent cells which are much larger 
( Figs. 28-29). 

Each anther lobe shows four vertical 
rows of about a dozen microspore mother 
cells. The first meiotic division is not 
followed by a wall (Figs. 32, 33) and 
after a brief period of interkinesis the 
daughter nuclei enter the second meiotic 
division. The spindles of this division 


Fics. 2-22 — Fig. 2, Cuscuta hyalina on Tribulus terrestris. x 3. Figs. 3, 4, C. hyalina and C. 
planiflora, stem and flowers. x 13. Fig. 5, Ls. bud of C. hyalina showing the primordia of carpels 
(c) and ovules (ov). x 130. Fig. 6, slightly older ovary; carpels (c) have not yet fused. x 130. 
Figs. 7-9, cross section of ovary of C. hyalina at three successive places (a, b, c in Figs. 17, 18); note 
the cleft in septum and large secretory cells in the ovary wall. x 65. Figs. 10, 11, flowers of C. 
hyalina and C. planiflora. X 6. Fig. 12, cross section of young tetramerous flower of C. hyalina 
showing the stamens (a) and the bract (b). x 130. Figs. 13, 14, the perianth dissected to show the 
stamens in C. hyalina and C. planiflora; note the scales on the petals of the latter. x 6. Figs. 15, 16, 
the gynoecium in C. hyalina and C. planiflora; note shape of stigmas (st). x 7. Figs. 17, 18, Ls. 
of pistil through and across the septum showing the cleft and the ovules in C. hyalina. x 65. 
Figs. 19-21, a portion of the ovary wall of C. planiflora showing the young, vacuolate and dis- 
organized secretory cells. x 286. Fig. 22, ls. stigma of C. hyalina showing pollen grains (p), 
pollen tubes (f.t) and the solid style. x 143. 
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may be parallel (Fig. 34) or at right 
angles to each other (Fig. 35). Secon- 
dary spindles connect the four daughter 
nuclei with one another ( Fig. 36). 

The original wall of the microspore 
mother cells remains intact during the 
whole process of meiosis and a special 
mucilaginous wall is secreted by the 
protoplast inside the parent wall. Quad- 
ripartition occurs by furrowing and by 
subsequent centripetal growth of the 
wedges from the mucilaginous wall which 
meet in the centre separating the four 
microspores ( Figs. 37-39). The tetrads 
may be isobilateral ( Fig. 38), tetrahedral 
( Fig. 39) or decussate ( Fig. 40). The 
microspores are liberated by the disinte- 
gration of the wall of the microspore 
mother cell and the dissolution of the 
mucilage in which the young micros- 
pores remain embedded for some time. 


Male Gametophyte 


The young microspore has a prominent 
nucleus surrounded by dense cytoplasm. 
As it increases in size, its nucleus is dis- 
placed towards the periphery by the 
appearance of a large vacuole in the 
centre (Fig. 41). Its wall is differen- 
tiated into the warty, yellow exine and a 
thin intine which becomes much thickened 
in the region of the three furrows ( Figs. 
42, 43). Peters (1908) reported a uni- 
formly thin intine, but as Fedortschuk 
remarks, this is true of young pollen 
grains only. 

The division of the microspore nucleus 
results in the formation of a large vege- 
tative and a small generative cell sepa- 
rated by a hyaline space. The vegetative 
nucleus enlarges, assumes an irregular 
appearance and occupies a central posi- 
tion. The generative nucleus, which is 
always surrounded by densely staining 
cytoplasm, moves from its peripheral 
position and comes to lie near the vege- 
tative nucleus ( Fig. 42). According to 
Peters (1908) the first division of the 
microspore takes place in the centre, and 
it is only afterwards that the generative 
nucleus moves to the periphery of the 
pollen grain where a special wall is formed 
to separate the two nuclei. This is not 
confirmed by my observations which show 


that the generative cell is formed as usual 
towards the wall of the pollen grain and 
then moves inward (Fig. 42). Regard- | 
ing the shedding stage of the pollen, | 
Fedortschuk (1931) writes that in C. 
monogyna it is two-nucleate, and that the 
cytoplasm of the generative cell dis- 
appears. In C. epithymum, on the other | 
hand, the generative cell is said to divide | 
in the pollen grain. The division spindle 
in this case is rather long, almost touching 
the two poles of the pollen grain, and the 
male cells are separated by a process of | 
furrowing. Johri (1934) originally des- 
cribed two-celled pollen grains in C. 
reflexa but later found that he had examin- 
ed immature pollen, and that the gene- | 
rative cell divides before shedding ( un- 
published observation). The most im- 
portant work is that of Finn { 1937) who 
showed clearly that the generative cell of 
C. monogyna has its own sheath of cyto- 
plasm and divides within the pollen grain. 
Since my observations are in agreement | 
with those of Finn, it seems likely that a 
three-celled condition is characteristic of | 
all species of Cuscuta. 


Ovule 


The ovules are basally attached (Fig. | 
18) and soon become inverted ( Figs. 45, 
47,53, 56). They are tenuinucellate and 
unitegmic. The single integument is very 
massive and forms a long and narrow 
micropyle. The nucellus invests the mega- 
spore mother cell as a single layer of cells 
which is in close contact with the integu- 
ment (Fig. 45). It shows signs of dis- 
integration during megasporogenesis and 
completely disappears afterwards, so that 
the embryo sac comes in direct contact 
with the integument. A well-marked 
endothelium is, however, absent. 
gential section of the ovule shows that 
the cells adjacent to the vascular supply © 
are thin-walled and richly protoplasmic | 
( Fig. 87). 


Megasporogenesis 


The hypodermal archesporial cell dif- 
ferentiates ( Fig. 44) in the nucellus at 
the time of microspore formation. It 
functions directly as the megaspore mother 


A tan-!| 


Fics. 23-43 — Fig. 23, t.s. pentamerous flower bud. x115. Fig. 24, cross section of the anther 
lobe showing parietal and sporogenous tissue. x 320. Figs. 25, 26, microspore mother cells, tapetum 


| andwall layers. «360. Fig.27, anther wall at microspore stage; note degenerated middle layer (m.1.) 


and tapetum. x320. Fig. 28, older stage showing microspores and partition between pollen sacs. 


320. Fig. 29, t.s. anther wall showing place of dehiscence (d). x320. Fig. 30, fibrous thicken- 
_ ings in endothecium; note persistent epidermis and droplet-like bodies lining endothecium. x 360. 


Fig. 31, tapetal cell (2) in division together with a microspore mother cell. x720. Figs. 32, 33, 
Meiosis I: note mucilaginous special wall. 720. Figs. 34, 35, Meiosis II. 720. Figs. 36, 37, 
end of Meiosis II. 720. Figs. 38-40, isobilateral, tetrahedral and decussate tetrads. 720. 
Fig. 41, three-furrowed uninucleate pollen grain. 720. Figs. 42, 43, two and three-celled pollen 
grains showing thick intine at furrows. 720. 
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cell ( Figs. 45, 46) and divides meiotically 
to form two dyad cells ( Fig. 47, 48 ) both 
of which divide again to give rise to a 
linear tetrad of four megaspores ( Figs. 
49-50, 52). Sometimes the micropylar 
dyad cell remains undivided, resulting 
in a row of three cells, or it may divide 
transversely to form a T-shaped tetrad 
(Fig. 51). A normal tetrad of four 
megaspores is also found in all other 
members of the Convolvulaceae except 
C. reflexa ( Johri, 1934) where the lower 
dyad cell is said to develop directly into 
the embryo sac. 


Embryo Sac 


The chalazal megaspore functions and 
gives rise to the embryo sac (Fig. 52). 
The remnants of the degenerating megas- 
pores may be seen up to the four-nucleate 
stage. The nucleus of the functioning 
megaspore is located in the centre, and 
there is a large vacuole on either side of it 
in the long direction of the cell ( Fig. 52). 
The two daughter nuclei formed after the 
first division ( Fig. 54) divide to produce 
four (Fig. 55) and then eight nuclei ( Figs. 
56-58). The mature embryo sac is mo- 
nosporic, eight-nucleate and falls under 
the Polygonum type ( Maheshwari, 1950 ). 

The embryo sac is long and tapering at 
the chalazal end. The antipodal cells 
lie in linear file (Figs. 58, 59), or one 
above and two below (Figs. 56,57). The 
synergids are hooked and pyriform and 
have basal vacuoles (Figs. 58,59). Johri 
(1934) remarks that in C. reflexa the 
synergids are peculiar in not having any 
vacuole in the broad basal part. This 
appears to be true only of young embryo 
sacs ; in later stages the vacuole is present. 
The egg protrudes down beyond the 
synergids. The two polar nuclei fuse 
below the egg ( Fig. 58) or on one side 
of it giving rise to a large secondary nuc- 
leus with a prominent nucleolus showing 
a droplet-like body in its centre ( Fig. 59). 
The synergids and the antipodals dis- 
integrate soon after fertilization (Fig. 60) 
although their remains are visible during 
the early development of the embryo and 
endosperm (Fig. 63). Ky Vo Ra Rao 
( 1940 ) mentions nucleolar budding in the 
synergids of Ipomoea learii and remarks 


that this may be a prelude to their gen- 
eral disintegration. C. monogyna ( Fedort- 
schuk, 1931 ) and C. reflexa ( Johri, 1951) 
are exceptions since here one of the 
synergid persists till the embryo is well 
advanced and is probably haustorial. In 
C. monogyna it may even become pluri- 
nucleate. 


Pollination and Fertilization 


Germinating pollen grains have been 
seen on the stigma (Fig. 22). Self-pol- 
lination may take place since the pollen 
and the embryo sac mature at about the 
same time, but cross pollination seems 
to be more common. The pollen tube 
usually destroys one of the synergids but 
the other persists just above the young 
embryo ( Fig. 64, 66, 67). Peters ( 1908 ) 
mistook the persisting synergid for a cell 
of the suspensor. Johri ( 1934) mentions 
that the fusion of the polar nuclei is 
delayed perhaps till the arrival and dis- 
charge of the pollen tube. The same is 
reported by K. V. R. Rao (1940) in Zpo- 
moea, Argyreia and Evolvulus where the 
two polars and the male nucleus fuse 
almost simultaneously. 


Endosperm 


The primary endosperm nucleus divides 
before the division of the oospore ( Fig. 
61) and there may be as many as four to 
eight free nuclei when the proembryo is 
two-celled ( Figs. 62, 63). Wall forma- 
tion occurs only after approximately a 
thousand nuclei have been formed. 

According to Smith (1934) the first 
division of the zygote and the endosperm 
nucleus take place at about the same 
time but later the divisions in the endo- 
sperm take place more rapidly. He count- 
ed 225-250 free nuclei in an embryo sac 
of C. arvensis and 1549 in C. rostrata. 


Embryo 


The first division of the zygote is trans- 
verse (Fig. 64). Of the two daughter 
cells the basal is appreciably larger ( Fig. 
65) and divides vertically, followed by a 
transverse division of the terminal cell 
( Figs. 66-68). A four-celled embryo now 
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Fics. 44-55 — C. hyalina except 50 of C. planiflora. Figs. 44-46, hypodermal archesporial 
cell and megaspore mother cell in the nucellus. x 751. Figs. 45, 47, 1.s. ovule ( diagrammatic ) 
at megaspore mother cell and dyad stage. x 167. Fig. 48, end of Meiosis I: two dyad cells. 
x 751. Fig. 49, Meiosis II. x 751. Fig. 50, linear tetrad of four megaspores. x 751. 
Fig. 51, belated division of micropylar dyad cell giving rise to a T-shaped tetrad. x 751. Fig. 52, 
functioning megaspore and three disintegrating megaspores. x 751. Fig. 53, ovule at two- 

nucleate embryo sac stage. x 167. Fig. 54, two-nucleate embryo sac: note disintegrating 
 megaspores. x 751. Fig. 55, same, later stage showing dividing nuclei. x 751. 


63 


Fics. 56-63 — C. hyalina. Fig. 56, ovule at embryo sac stage. x 167. Figs. 57, 58, eight- | 
nucleate embryo sac. x 600. Fig. 59, mature embryo sac with large secondary nucleus. x 600. I 
Fig. 60, oospore and primary endosperm nucleus. x 375. Fig. 61, first division of endosperm 
nucleus completed. x 375. Fig. 62, two-celled embryo and four endosperm nuclei. x 375. | 
Fig. 63, embryo sac showing two-celled embryo, persisting synergid (s), pollen tube (p.t.), and fi 
eight endosperm nuclei; note starch in cytoplasm of embryo sac, also in Figs. 59-62. x 375. | 


results, in which the two cells formed by 
\the basal cell are perpendicular to the two 
formed by the terminal cell. The basal 
Icells divide transversely and the terminal 
cells divide longitudinally resulting in an 
‘jembryo of eight cells arranged in four 
‘tiers of two cells each (Fig. 69). Each 
‚jaf these cells divides again (Fig. 70). 
In the next stage the second subterminal 
lier undergoes a transverse division so 
‘hat the embryo is composed of five 
liers (Fig. 71). Later divisions in the 
Pbasal derivatives are irregular and result 
jn a knob-shaped suspensor with vacuo- 
jate cells ( Figs. 72-76). The derivatives 
bf the terminal cell also divide irregularly 
but have denser cytoplasm. For some 
lime the suspensor is larger than the 
}mbryonal mass (Fig. 73) but sub- 
equently the latter grows faster, while 
[he suspensor 1s seen as a feebly staining 
\knob (Fig. 81) which disorganizes in 
yider ovules ( Figs. 77-79, 82, 83). The 
|mbryo grows as a curved cylindrical 
japering structure which becomes doubly 
oiled on itself and has a blunt massive 
jadicular end ( Figs. 80, 84). The coiled 
Ind elongated structure of the embryo 
jaay be of some significance, for it offers a 
imilarity with the twining habit of the 
_}dult plant and may be an adaptation 


The development of the embryo out- 
\ined above resembles that of C. europaea 
| Peters, 1908), C. epithymum (Peters, 
1908 ; Fedortschuk, 1931) and C. gro- 
{ovr (MacPherson, 1921). Peters re- 
‚horted that the first division in the basal 
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|hown that there are two longitudinal 
ivisions at right angles to each other 
|esulting in a four-celled suspensor. 


Seed 


| Four brownish triangular seeds are 
|sually produced in each ovary. They 
ire liberated by the rupture of the fragile 
\vary wall just above the base where the 
jells are thick walled. The seed coat is 
„lery thick and many layered (Fig. 86). 
iFhe outer layer is composed of large 
quarish cells full of starch. Next, there 
re two layers of palisade-like cells which 
“lave large and flat nuclei. This zone 
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becomes multi-layered in the region of the 
funiculus ( Fig. 86). The third zone con- 
sists of about six layers of thin walled 
polygonal starchy cells (Fig. 88). The 
innermost layers of the testa in contact 
with the endosperm are in a disorganized 
state ( Fig. 86). 

Kamensky (1928) states that the epi- 
dermis and the palisade-like layers in the 
testa are very useful in distinguishing 
species of Cuscuta. In the subgenus 
Eucuscuta, the cell heights are said to be 
in the ratiovoti ll orl] i yrarelygl 2. 
but in C. hyalina which also belongs to 
the same subgenus the ratio is 1 : 3, which 
Kamensky considers to be characteristic 
of the subgenus Cleistogrammica. This 
character, therefore, does not appear to 
be of much systematic value. 


Discussion 


There has been some controversy re- 
garding the shedding stage of the pollen 
in Cuscuta. Johri (1934) reported two- 
celled pollen grains in C. reflexa but also 
mentioned one case in which the gene- 
rative cell had “ fragmented ” to give 
rise to two male cells. He later revised 
this, and admitted that the pollen grains 
in this species are normally three-celled. 
Fedortschuk (1931) described two- 
nucleate pollen in C. monogyna and three- 
nucleate pollen in C. epithymum. Finn 
( 1937) re-examined the pollen grains of 
C. monogyna and showed that here, too, 
the generative cell divides to produce two 
sperm cells. He, therefore, concluded 
that the three-celled condition is typical 
for the genus Cuscuta, although environ- 
mental influences may cause a delay in 
sperm formation and the division of the 
generative cell may be carried over to the 
pollen tube. With this conclusion I am 
in full agreement. 

In the Sympetalae the ovule is gene- 
rally of the tenuinucellate type, and since 
no wall cells are cut off, the archesporial 
cell functions directly as the megaspore 
mother cell. The Plumbaginaceae and 
the Cucurbitaceae are well-known excep- 
tions and this seems to be true also of 
some of the Convolvulaceae. Peters 
(1908) described wall layers in Cuscuta 
and Convolvulus, and Asplund (1920) 
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yalina and Fics. 68, 76, 81-84 of C. planiflora. Fig. 64,1 


two-celled proembryo; p.t. = pollen tube and s. = synergid. 


dividing almost vertically. x 632. 
cell. 


x 632. Fig. 65, same, basal cel | 
Fig. 66, three-celled proembryo showing vertical wall in basa. 
x 632. Figs. 67, 68, four-celled proembryo showing T-shaped arrangement of cells. 


Fig. 69, eight-celled proembryo, four tiers of two cells each. 
embryo, four tiers of four cells each. x 632. 
each. x 632. Figs. 72-76, further development 
region from knob-like suspensor. x 632 ( Fig. 76, x 316 D 

the coiled embryo from the globular embryonal mass: note knob 


Fig. 70, sixteen-celle | 
71, twenty-celled embryo, five tiers of four cells} 
showing differentiation of globular embryonal] 

Figs. 77-80, 81-84, development of 
-shaped suspensor in Fig. 81. 


| confirmed this inC. lupuliformis. Dahlgren 
(1927) contradicted the occurrence of 
} wall cells in C. lupuliformis, Johri ( 1934 ) 
in C. reflexa and Fedortschuk (1931) in 
| C. monogyna and C. epithymum. However, 
) Fedortschuk (1931) admitted their pre- 
sence in Convolvulus arvensis and in three 
species of Quamoclit, Mathur (1934) in 
| Convolvulus arvensis, and V.S. Rao (1944) 
| in some other plants of the family. 

| It may be concluded that wall cells are 
| present in several members of the Convol- 
| vulaceae but this is not true of Cuscuta. 
| As in other members of the Tubiflorales, 
| the nucellus is ephemeral and soon dis- 
‘4 organizes. However, MacPherson ( 1921 ) 
} described a perisperm in the seeds of 
‚I Convolvulus sepium and speaks of a nucel- 
{lus which is rich in starch. Similarly 
‚# Kamensky (1928), in his studies on the 
janatomical structure of the seeds of 
jseveral species of Cuscuta speaks of a 
jperisperm. Actually the testa of Cuscuta 
is differentiated into an epidermis, two 
[layers of palisade-like cells and half a 
{dozen layers of thin walled polygonal 


Fics. 85-88 — C. hyalina. 


|micropyle (m.). 


jorotoplasmic cells adjacent to it. x 173. 


\‘end.), glandular tissue (g) near the micropyle, and vascular supply (v) of ovule. 
|mmature seed showing embryo (emb.), endosperm (end.) and integument (int.); 
x 72. Fig. 87, tangential section of ovule showing vascular supply and the richly 
Fig. 88, portion of testa showing three regions. 
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starchy cells. It is these latter which 
have probably been misinterpreted as 
perisperm by MacPherson and Kamensky. 
On the other hand, Woodcock (1943) 
failed to distinguish a distinct integument 
(italics mine) in the ovule of Ipomoea 
rubro-cerulea. From a perusal of Wood- 
cock’s paper it is clear that he did not 
study the early development of the ovule, 
and since the nucellus soon disappears 
the integument was misinterpreted by 
him as the fused integument and nucel- 
lus. He could not also understand the 
nature of the micropyle which, according 
to him, “ is formed by an invagination of 
the end of the ovule next to the funiculus.” 
As pointed out by Maheshwari ( 1944 ), 
and also correctly sketched by Woodcock 
himself, the micropyle is not an “ invagi- 
nation ’” but a continuous passage ex- 


tending from the apex of the ovule 
right up to the embryo sac. 

The embryo sac is of the Polygonum 
type in all the species of Cuscuta and other 
members of the Convolvulaceae so far 
investigated, 


except C. reflexa where 


Fig. 85, young seed showing embryo (emb.), free endosperm nuclei 


x 72. Fig. 86, 


note narrow 
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Johri ( 1934 ) described a bisporic embryo 
sac of Allium type. This needs con- 
firmation, and a further investigation of 
C. reflexa is in progress. 

The endosperm is of the free nuclear 
type, and about a thousand nuclei are 
formed before the walls are laid down. 
Coulter and Chamberlain ( 1903 ) remark 
that a free nuclear endosperm for Cuscuta 
is exceptional, because in most saprophytes 
and parasites the endosperm is cellular. 
I am inclined to doubt if the parasitic or 
saprophytic mode of life has any influence 
on the type of endosperm development, 
and in any case the endosperm of Cuscuta 
fully conforms with that of other members 
of the Convolvulaceae. 

Two types of embryo development are 
described for Cuscuta. In C. monogyna 
(Fedortschuk, 1931) and C. reflexa ( Johri, 
1951) the suspensor consists of large 
plurinucleate cells which have a haustorial 
function, while in C. epithymum, C. hyalina 
and C. planiflora its cells are uninucleate. 
Apparently the first condition is true of 
the subgenus Monogyna and the latter of 
the subgenus Eucuscuta. 

The sequence of early divisions in the 
development of the embryo in Eucuscuta 
closely resembles that in Ipomoea and 
Argyreia (K. V. R. Rao, 1940), where 
the first division of the oospore is trans- 
verse, and the second is vertical in the 
basal cell and transverse in the terminal 
cell. In Convolvulus arvensis ( Souéges, 
1937) the terminal cell divides obliquely 
while the basal cell divides transversely, 
which is different from the condition in 
Cuscuta and Ipomoea. However, it ap- 
pears that in the Convolvulaceae the plane 
of the first division of the basal cell is 
rather variable and no great significance 
need be attached to it. 

Coulter and Chamberlain (1903) re- 
mark that the embryo of Cuscuta is an 
exception among parasites as it is large 
and well developed. While it is no doubt 
large, it lacks the differentiation character- 
istic of the typical dicotyledonous 
embryo. 

The floral structure and embryology of 
Cuscuta are fundamentally similar to those 
of other members of Convolvulaceae and 
it is a matter of opinion whether this 
genus should be allowed to remain in the 
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same family or transferred to a separate 
family Cuscutaceae. 


Summary 


Cuscuta hyalina occurs on Tribulus 
terrestris, a weed of the rainy season ; 
C. planiflora causes much damage to a 
field crop, Cuminum cyminum, grown at 
Ajmer in the winter season. 

The floral parts develop in acropetal 
succession. 

The anther is four-lobed and has a 
hypodermalarchesporium. The binucleate 
anther tapetum is of the glandular type, 
and leaves behind, as it disintegrates, 
droplet-like bodies which persist for a long 
time. Quadripartition of the microspore 
mother cells takes place by furrowing. 
Tetrahedral, isobilateral and decussate 
types of tetrads occur. The mature 
pollen grain is three-celled. The exine is 
thick ; the intine is thick only at the 
furrows. 

The ovules are tenuinucellate, anatro- 
pous and unitegmic. The nucellus dis- 
integrates quite early. The hypodermal 
archesporial cell functions directly as the 
megaspore mother cell. 

The embryo sac is of the Polygonum 
type. It is broad above but tapers down | 
to the chalazal end. The antipodals — 
and one of the synergids disintegrate soon 
after fertilization. 

Endosperm is free nuclear. The pri- | 
mary endosperm nucleus divides before | 
the division of the oospore. Walls are 
laid down only after approximately a 
thousand nuclei have been formed. The 
endosperm cells store starch. 

The first division of the zygote is trans- | 
verse. The basal cell divides vertically | 
followed by a transverse division of the | 
terminal cell. The derivatives of the | 
basal cell develop into a knob-shaped || 
suspensor of uninucleate cells. The deri- | 
vatives of the terminal cell form a long 
and coiled embryo. | 

Four seeds are formed in each ovary. | 
The cells of the massive testa are dif- | 
ferentiated into three zones. The micro- 
pyle is long and narrow. 

The embryology of Cuscuta is essentially | 
similar to that of other members of Con- 
volvulaceae. 
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ORGANIZATION IN PLANTS 


C. W. WARDLAW 


University of Manchester 


Introduction 


An organism is an organization, i.e. an 
organized body or structure. ( By way of 
example, Locke is cited in the Oxford Dic- 
tionary as follows: “‘ That being then one 
Plant, which has such an Organization of 
parts in one coherent Body ’”’.) Organiza- 
tion, then, is something that relates to 
the essential wholeness of an individual 
plant, and, by extension to any of its 
component parts. When we speak of a 
plant as an organization, evidence of 
that integrated unity is apparent not only 
in the adult form but at all stages of 
development from the zygote or spore. 
Moreover, the orderly succession of phases, 
during which the organization becomes 
manifest, are distinctive and specific, 
so that, from quite an early stage, the 
plant can be recognized as belonging 
to a particular genus or even species. 
A central problem (perhaps the central 
problem ) in biology is to account for this 
specificity and constancy of form and 
structure. What conceptions have we 
that do justice to the remarkable phe- 
nomenon of organization ? How is it that 
the developmental pattern is reproduced, 
generation after generation, with such 
fidelity, each species according to its 
kind ? 

Contemplation of this problem led 
Driesch (1908) to conclude that purely 
mechanistic conceptions of life do not 
adequately account for the distinctive 
organization that characterizes the dev- 
elopment of any particular species. 
He, therefore, introduced the idea of a 
controlling or ordering principle — an 
entelechy — which was independent of 
physico-chemical laws, though these were 
operative in living systems. Smuts 
(1921), too, thought that purely me- 
chanical explanations fail to do justice 


to the harmonious, unified construction 
of living organisms; certainly, he ad- 
mitted, mechanistic concepts do have 


their place and justification, but only | 


within the wider framework of the inte- 


grated unity of the organism. Hence | 


his theory of Holism, holism being de- 


fined as the fundamental factor which | 


works towards the creation of wholes in 
the universe. Smuts regarded it as a 


causal factor with a real existence ; and | 


the higher the level of evolutionary 
development of the organism, 
greater will be the manifestation of its 
state of integrated wholeness or organ- 
ization. 


Conceptions such as those of Driesch | 


and Smuts are undoubtedly of value 
in reminding us of this universal pheno- 
menon in living organisms. Whether, 
in their present form, they are either 
valid or necessary is clearly a matter 
that deserves careful consideration ; 


for a full and adequate comprehension | 


of organization is the central aim in 
studies of morphogenesis and morpho- 
logy. 


In the life of any organism, be it simple | 
or complex, the inescapable but always || 


the | 


amazing and enigmatic feature is the 


orderly manner in which it develops, 


each and every stage or phase testifying | 
to the fact that growth and the assumption | 
of form do not take place in a haphazard | 


manner but, on the contrary, are evidently 


harmoniously regulated processes in which | 
the essential unity and equilibrium of | 


the whole is maintained. Plants at large | | 


appear to exemplify a great many kinds | 


of organization, e.g. a gasteromycete as | 
compared with a seaweed or conifer. 


of comparison, are not held to be closely 
related, 


Yet, in major classes which, on “closely | | 


comparable organizational fea- || 
tures may be observed: for example, a | 


| great many plants including algae, bryo- 
| phytes and higher plants, show polarity 
| from the outset, have an apical growing 
{point and an axiate development. The 
ı Vegetable Kingdom, in fact, yields so many 
remarkable examples of what Goebel 
(1900) and Lang (1915) have referred to 
as homologies of organization that we are 
{led to inquire whether this seemingly 
jendless diversity of form and structure 
‘cannot, in fact, be referred to a compa- 
“} ratively small number of “ organizational 
types”. 

Observations of this kind have affected 
|botanical ideas in two ways. In the 
‘4 post-Darwinian Phyletic Period, com- 
‘parable developments in different groups 
twere accepted as an indication of here- 
ditary relationship ; and it was confidently 
asserted that all the systematic groups 
a of the Plant Kingdom could be assembled 
into a monophyletic “tree’’ or pedigree. 


study of the factors determining these 
jhomologies of organization was a major 
‘itask, not only for the morphologist, 
‘but for botanists in general. Thus, 
“whether our interest be in phyletic or 
“causal morphology, the study of organiza- 
‚tion must rank as one of our principal 
„laims. Our approach should be objective 
and cautious, with a full measure of that 
“suspension of judgement which T. H. 
Huxley enjoined ; and since the organ- 
Wization of a species is the summation of 
all that has gone to the making of it, 
jJembracing every aspect of its constitution 
and development, so must the approach 
of the botanist to the problem be a multi- 
aspect one, and he must draw as required 
on all the branches of his science. It 
Imay be that the day will come, as Hersch 
(1941) has suggested, when we shall 
{think of a growing organism, not as a 
‚visible structural pattern or configura- 
ition, changing from stage to stage, but 
‚in terms of the non-picturable, ie. a 
‚system of equations expressing all the 
rates, relationships and events which 
{produce the visible structure. However, 
some time is likely to elapse before the 
morphologist becomes “ relation-minded ”’, 
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in the rarified degree implied above. 
In the meantime, in conjunction with 
the physiologist, the geneticist, the physi- 
cist and the mathematician, the morpho- 
logist has a rich and varied field in 
the study of morphogenesis. These 
comprehensive studies should lead to, 
and culminate in, the formulation of con- 
ceptions of organization which do jus- 
tice, not only to what we observe in 
the individual species, but to those 
homologies of organization which are 
so prevalent in the Plant Kingdom as a 
whole. 


Theories of Organization 


Various ‘explanations’ or partial ex- 
planations, of organization in plants 
have at one time or another been at- 
tempted. To some extent all of these 
accounts are of a multi-aspect nature, 
though often one particular aspect tends to 
be emphasized. Accounts of organiza~ 
tion are of the following kinds : (a) morpho- 
logical, (b) physiological, (c) physical and 
mathematical, (d) genetical and (e) epi- 
genetic, multi-aspect or integrative. Con- 
siderations of space do not permit of a 
full review of these several accounts of 
organization, but a few comments may 
be offered; these will be restricted to 
vascular plants. 

(a) MORPHOLOGICAL THEORIES — Under 
this heading should be included Géethe’s 
theory of metamorphosis, Sach’s theory 
of the fundamental categories of parts, 
phytonic and axial theories of shoot 
construction, and the telome theory of 
Zimmermann. These all relate to the 
organization of the leafy shoot. In 
Géethe’s theory, the shoot is little more 
than an axis on which the really important 
organs, the leaves, in their several mani- 
festations, are disposed. Sach’s funda- 
mental categories included caulome, phyl- 
lome, trichome and rhizome: these were 
taken for granted but were held to be 
subject to modification in various ways. 
Sporangia were not included among the 
fundamental categories: they were held 
to be the result of a transformation of one 
or other of the categories. In phytonic 
views, the existence of the shoot as an 
independent member is more or less 
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explicitly denied, the plant being envisag- 
ed as a construction of phytons, or foliar 
units, the extended bases of which become 
conjoined to form the stem or axis. By 
contrast, supporters of axial theories hold 
that the shoot was “ phyletically a 
pre-existing axis or stem from which the 
leaves may have arisen by enation ” 
( Lang, 1915). In his later writings Sachs, 
followed by Bower (1935 ), held that the 
leafy-shoot was the real unit, axis and 
leaves acting together as a whole. Yet 
Bower also held that the prototype of 
vascular plants consisted of a simple, 
vasculated axis, without leaves or roots, 
and that the plant body became pro- 
gressively more elaborate in construction 
as a result of dichotomy ; and this may 
in turn have passed over into monopodial 
branching, thus giving lateral appendages. 
Megaphylis were held to be of cladode 
origin, whereas microphylls were no 
more than enations or small outgrowths 
from a shoot surface “not previously 
tenanted ”. 

These several theories or conceptions 
were almost entirely morphological both 
in inception and outlook. In each, the 
so-called fundamental unit, whether axis 
or phyton, was taken for granted, as a unit 
ready-made. To the contemporary experi- 
mental morphologist, whose aim is to 
understand morphogenetic processes and 
the factors which determine organization 
in plants, these theories not only seem 
artificial, but they take for granted pre- 
cisely those features which stand most 
in need of investigation by every method 
at our command. 

The hypothesis of Arber ( 1950), that 
the leaf is a partial shoot, is also in 
essence a morphological theory, but space 
does not permit of consideration of it 
here. 

(b) PHYSIOLOGICAL THEORIES — Sach’s 
theory of chemical correlation has reach- 
ed its heyday in contemporary botanical 
and biochemical studies. A knowledge 
of the formation, transport, and action 
of growth-regulating substances and other 
special metabolites, the inception of 
growth centres and physiological fields, 
the setting up of diffusion gradients, 
and other physiological processes, all 
contribute to our understanding of the 
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growth and morphological development 
of plants. But do the facts of physio- 
logy and biochemistry really tell us 
how the distinctive form and structure | 
and the specific organization are brought | 
about ? 
No botanist now doubts that certain | 
specific organic substances, e.g. auxin, | 
are of great importance in morphogenetic | 
processes: a vast fund of observation | 
testifies to the truth of this statement, 
while the general processes of growth are 
involved in every morphogenetic situation. | 
Still, we may ask if biochemical concepts | 
alone will enable us to give an adequate | 
account of organization. Sinnott ( 1946), | 
while admitting to the full the importance | 
of physiological and biochemical data, has | 
urged caution in an all-out acceptance of | 
any biochemical theory of organization. | 
As a basis for research its value is not in | 
doubt ; but as a full explanation of the | 
facts it proves insufficient on close 
analysis: a knowledge of the successive | 
biochemical changes during development 
will not explain the assumption of form | 
or the underlying organization that per- 
vades the whole of organic development. 
The reaction induced by a growth-regul- 
ating substance depends very largely | 
on the state of the affected cell or 
tissue, i.e. on its competence to react. 
Hence Boysen Jensen has referred to | 
such substances as “‘realizers’’. The © 
actual morphogenetic effect produced is, | 
as it seems, due to the underlying organ- | 
ization, not to the activating substance. | 
Nevertheless, it is evident that a knowl- | 
edge of the specific effects of growth | 
substances, together with theories of | 
the inception of growth centres and | 
their surrounding physiological fields | 
( Weiss, 1939 ; Wardlaw, 1949), and the | 
gradient concept of organization as ex- 
pounded by Child (1941 ) and Prat (1945), | 
make an important contribution to our | 
understanding of the growth, configura- 
tion and regulated development of vas- 
cular plants. | 
(c) PHYSICAL AND MATHEMATICAL 
THEORIES— The best known of these theo- 
ries have been fully discussed in D’Arc 
Thompson’s Growth and F orm (1917, 1942). 
Already in the Nineteenth Century, Nae- 
geli, Hofmeister and Sachs had instituted 
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} many 
‘| Thompson has shown how a knowledge 
| of physics and mathematics may con- 
‘} tribute to our understanding of the deve- 
‘} lopment of form and structure. 


4 (1937). 
4 of organization has always been a crucial 
À difficulty in bringing biology and physics 
‚Jinto some acceptable relationship. 
À their view the introduction of qualitative 
J and purely biological concepts has obscur- 
‚led the relationship between the physico- 
À chemical constituents and their organiza- 
{tion in living things. 
they say, have failed and they have 


4 causal inquiries and had attempted to 
| interpret form and structure in terms of 


With 
D’Arcy 


physical and mathematical laws. 
fascinating examples, 


The 
growth of every organism is characterized 


| by an accumulation of material arranged 


LE 


in a particular way ; and it is “in obe- 


‘4 dience to the laws of physics that their 
‘4 particles have been moved, moulded and 
‘| conformed ”’. 
‘of form in plants are mathematical and 
physical problems: the shape of any 
“portion of matter, and changes in its 
ÿ shape, are due to the forces acting on 
Hit. 
nf sion, surface tension, mechanical pressure, 
id molecular diffusion, and chemical, elec- 
wi trical and thermal forces. 
‘à menon of differential growth, the size- 
“ structure correlation, ard cell division 
"4 by minimal surfaces, may be cited as ex- 
1 amples where mathematical conceptions 
‘ can be used in the analysis of organic 
‘form. Some theories of phyllotaxis are 
‚4 essentially mathematical in conception, 
\§ while Vöchting’s theory of cell differen- 
tiation relates directly to spatial consi- 
‘4 derations. 


In this view, the problems 


These forces include gravity, cohe- 


The pheno- 


Mention should here be made of the 


comprehensive electro-dynamic theory of 


life as expounded by Northrop and Burr 
They point out that the problem 


In 


Biological notions, 


proposed the theory that living organisms 


4 are complex electrical fields with a definite 
jj pattern of potential distribution as a 
} whole. 


(d) GENETICAL THEORIES— According to 


{| modern genetical theory, hereditary factors 
1 pervade, determine and control each and 


every phase and aspect of development. 


Î The units are the genes — giant protein 
1 molecules, or molecular aggregates, cap- 
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able of self-reproduction and of muta- 
tion — which are arranged in a particular 
manner in the chromosomes, while other 
kinds of genes may be present in the 
cytoplasm ; they are combined and re- 
distributed at syngamy and meiosis and 
their mode of action is chemical. It is 
now known that certain important meta- 
bolic substances, e.g. auxins and enzymes, 
or their precursors, are gene-control- 
led. The action of certain genes may be 
evoked at particular times by the physio- 
logical condition of the cell, this having 
been determined by the action of other 
genes under the particular environmen- 
tal conditions. Writers such as Sewell 
Wright (1945), Mather (1948), and Wad- 
dington (1948), have suggested schemes 
showing how morphogenetic processes 
may be determined and controlled by 
genic action. The details are complex, 
and, in the present state of knowledge, 
necessarily highly speculative. Yet the 
need for some such conceptions be- 
comes evident if we ask the negative 
question : Can we think of any morpho- 
genetic process in which genetical fac- 
tors are not in some way involved? A 
very little reflection will show that, in 
every consideration of morphogenesis and 
specific organization, assumptions con- 
cerning the hereditary constitution are 
unavoidable. 

Physiological genetics ranks as one of 
the most recent branches of botany and 
many of our views on genic action are 
necessarily speculative. And just as a 
knowledge of the chemical components 
can tell us little about the organization 
which is produced, so also the action of 
genes must be taken in conjunction with 
factors of other kinds. Since the aim in 
physiological genetics is to combine two 
basic aspects, the action of units of the 
genetical system and the biochemistry 
of growing cells, we may expect that, in 
time, adherents of this discipline will 
make important contributions to our 
knowledge of organization. 

(e) EPIGENETIC, MULTI-ASPECT AND IN- 
TEGRATIVE THEORIES — It may seem a lit- 
tle old-fashioned to speak of an epigenetic 
theory of plant organization, but the term 
is a useful one. Epigenesis connotes the 
progressive development of an organism 
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on a mechanistic basis, each stage be- 
ing determined by those that have gone 
before ; i.e. any suggestion of develop- 
ment according to a plan is inadmissible. 
Broadly speaking, epigenetic theories differ 
from the morphological theories set out 
under (a) above, in that all conceptions 
based on preformation are ruled out, as 
are also those in which any unit of con- 
struction — phyton or axis — is taken for 
granted. In an epigenetic theory nothing 
is taken for granted but the hereditary 
constitution of the zygote, spore or bud 
rudiment and its capacity for growth. 
Thus, if we begin with the fertilized ovum 
of a fern cr a flowering plant, the aim is 
nothing less than to give an account, 
stage by stage, of the formation of the 
adult plant with all its characteristic 
features. Factors in the genetical consti- 
tution determine and limit the potential- 
ities for development of the zygote or 
spore, and these, together with the many 
other factors which become incident, 
account for the changing form and 
structure during the individual develop- 
ment until finally the full expression of 
the hereditary constitution in the parti- 
cular environment becomes manifest. 
Some such view was indicated two hundied 
years ago when Kaspar Wolff first an- 
nounced his discovery of the apical growing 
point — a view which is probably widely 
accepted by experimental botanists at 
the present time. 

More than most other writers, Need- 
ham (1942) has shown how compre- 
hensive must be the system of ideas 
relating to the organization of plants and 
animals. In his view, the universe may 
be perceived as a series of levels of orga- 
nization and complexity, ranging from 
the sub-atomic level to that of living 
organisms. The laws which apply to one 
level cannot be expected to apply to 
other levels: each, in fact, requires its 
own appropriate concepts. There must, 
therefore, be a simultaneous pursuit of 
knowledge at all the levels of complexity, 
and an attempt made to ascertain to what 
extent the data of one level are related 
to those of another. The final aim must 
be to bring the organization perceived 
at the several levels into some integrated 
relationship. 
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An Integrative Conception of 
Morphogenesis and Organization 


In the scheme set out below the writer 
has tried to give his conception of the 
main features of the morphogenetic pro- 
cesses which culminate in the organization 
of the adult vascular plant. It is re- 
cognized that organization connotes the 
relation of the constituent organic particles 
to one another, of the cells and organs to 
the whole, and of the whole to the parts. 

In this view, while genetical factors 
enter into every phase of development, 
the organization is the result of the 
action and interaction of many factors, 
both intrinsic and extrinsic, and the 
whole process is essentially one of epi- 
genesis. The sheer regularity with which 
the developmental pattern is reproduced, 
stage by stage, is perhaps the most re- 
markable phenomenon of growth and the 
most difficult to understand. At least a 
partial explanation would appear to be 
that not only one, but several kinds of 
factors, are simultaneously contributing 
to this orderly development. Thus, 
geneticists have suggested how a regulated 
morphogenetic process could result from 
the orderly sequence in which genetical 
factors are evoked and become active. 
Physiologists have now obtained much 
experimental evidence relating to the 
inception of growth centres and their 
physiological fields, to the setting up of 
gradients and to the phenomenon of 
correlation, each of which contributes to 
the orderly, regulated development of an 
organism. To the physicist, all growth, 
involving increase in size and change in 
form are, in the first instance, physical 
phenomena, and as such must take place 
in conformity with the laws of physics 
and mathematics. Like all physical 
systems an organism, during its growth, 
will constantly tend towards equilibrium. 
Not least, factors in the environment 
exercise both immediate morphogenetic 
effects, i.e. during the individual develop- 
ment, and selective effect during the 
development of the race. Each and all 
of these kinds of factors are exercising 
something in the nature of a controlling 
or regulative effect throughout the in- 
dividual development ; and with this in 
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GENERALIZED SCHEME OF MORPHOGENESIS 


NY A. Zygote or spore with sub-microscopic organization 
and a specific genetical constitution (comprising 
nuclear and cytoplasmic genes) which controls meta- 


bolic processes in the cytoplasmic substrate. 


| B. Under suitable environmental conditions gene-con- 

| trolled enzymes, auxins, etc., become available and 
active; nutrients are taken up, or mobilized from 
reserves in the zygote; growth begins. 


C. The polarity of the enlarging embryo is determined 
by inherent factors, or by factors in the environment, 


the initial dividing wall being at right angles to the 
axis. 


D. On further growth, the dispositions of the succeed- 
ing partition walls are in general conformity with the 
principle of cell division by minimal areas. 


C!D!. Concomitantly with C and D, a differential utilization 
of metabolites at the apical and basal poles is es- 
tablished, the former becoming the locus of active 
protein metabolism and meristematic activity. 


E. Increase in size brings changes in spatial relationships; 
there is a decrease in the ratio of surface to volume, 
a separation of parts and the distinction of superficial 
and inner tissues. 


EFFECT OF FACTORS IN THE ENVIRONMENT — — — < 


E!. Concomitantly with C, D and E, biophysical and 
physical factors become incident and have a large 


EFFECTS OF FUNCTION ON ORGANS AND TISSUES — 


share in determining form and Structure; also, growth 
centres and their physiological fields are established 
and diffusion gradients set up; and these have a large 
share in determining the integrated, regulated or 
harmonious development of the organism as a whole. 


F. The distal apex continues as a self-determining 
morphogenetic region, the tissues to which it gives 
rise becoming the mature, rigid tissues of the axis. 


<—————— ELABORATION OF METABOLIC AND PHYSIOLOGICAL PROCESSES — 
«—— RECIPROCAL RELATIONSHIP: CELLS AND ORGANS; THE WHOLE AND ITS PARTS 


<—_—____.._____. SUCCESSIVE EVOCATION AND ACTION OF GENES 


„m GROWTH WITH TENDENCY TO MAINTAIN EQUILIBRIUM 
pm 


G. The Organization — the regulated inception and de- 
velopment of form and structure — characteristic 
of the species becomes manifest as development 
proceeds. 
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mind, although the growth of an organism 
to its characteristic size, form and struc- 
ture, is indeed one of the great mysteries, 
we begin to see that it would be an even 
greater mystery if the organism failed to 
do so. 


Homologies of Organization 


Any plant organization is the result of 
a complex nexus of factors. Where two 
plants, which are in no way closely related, 
show closely comparable morphological 
or structural developments, we say that 
they exemplify parallel development or 
homology of organization. These homo- 
logies of organization are surprisingly 
numerous in the Plant Kingdom. More- 
over, they are often very striking : e.g. the 
spindle-like embryo, with distinction of 
apex and base, in practically all classes 
of plants; growth by an apical growing 
point and axiate development ; alternation 
of generations; sexuality with a trend 
towards oögamous reproduction, and so 
on. To what factors can such homologies 
of organization be attributed? When 
homologies occur in two organisms which 
are evidently related, the simple answer 
to this question would be that there are 
genes or groups of genes common to the 
two species. But where no such close 
systematic relationship exists, is the 
parallel development to be attributed to 
the evolution of parallel genetic systems, 
or to the evolution of comparable but 
different genetical systems which produce 
closely comparable morphological effects ? 
It is evident that such conceptions raise 
new problems, e.g. as to why such paral- 
lelism should occur; they also have the 
effect of transferring the problem from the 
morphological to the genetical sphere 
rather than of affording a solution of it. 
Certainly, these are questions to which 
answers should be sought. It has been 
said that in organic evolution the changes 
which occur are those which, on a basis 
of probability, are most likely to occur. 
In some such fashion it may be possible 
to account for the evolution of parallel or 
convergent genetical systems. 

It is, however, conceivable that some 
homologies of organization are due more 
to extrinsic than to genetical factors. As 
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we have seen, many important factors 
in morphogenesis are essentially extrinsic 
in character, though always the substrate | 
on which they work is a specific living 
substance. In vascular plants the de- 
termination of polarity, axiate develop- 
ment, the inception of growth centres 
and gradients, the development of the | 
histological pattern, the distribution of 
mechanical tissue, etc. and the incidence | 
of yet other factors consequent on in- 
crease in size and changing spatial relation- | 
ships, are phenomena which undoubtedly | 
have a genetical aspect or basis, but in 
which the action of extrinsic factors is | 
predominant. To some observers it may | 
well appear that it is to extrinsic factors | 
and relationships, rather than to genetical | 
factors, that some homologies of organiza- | 
tion are due. In other words, although | 
genic action pervades every phase of | 
development, it may be less important in | 
determining the more evident morpho- 
logical developments than is sometimes 
assumed. But these are weighty matters | 
calling for a due suspension of judgment : 
much more needs to be done before a 
statement of definitive conclusions should | 
be attempted. Nevertheless, the tentative 
ideas set out above are of value in that | 
they stimulate thought and prepare the 
way for the assembling of new evidence. 


Summary 


The conception of organization in plants | 
is defined and an account is given of the | 
different theories— morphological, physio- | 
logical, genetical, physical and epi- 
genetic— that have been advanced to! 
account for this phenomenon. 

In an integrative conception of morpho- | 
genesis and organization, which is set out 
and discussed, it is shown that several! 
different kinds of factors are at work in 
the morphogenetic process, each of which | 
contributes to the orderly, regulated de- | 
velopment of the organism as a whole. ! 

The occurrence of parallel development 
in plants, i.e. homology of organization, 
is considered and the tentative conclusion | 
is reached, that in some instances, it is 
to extrinsic rather than to intrinsic factors | 
that we should look for an explanation of 
this phenomenon. 
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University of Reading 


organs are given separate names; the 
names of the three best known are sum- 
marized below: 


MEGASPOROPHYLL 
1. Caytonia sewardi 
2. Caytonia nathorsti 
( =Gristhorpia nathorsti ) 
3. Caytonia thomasi 


MICROSPOROPHYLL 


1. Caytonanthus oncodes 
2. Caytonanthus arberi 

( =Antholithus arbert ) 

( = Ginkgoanthus phillipst ) 
3. Caytonanthus kochi 


LEAF 


1. Sagenopteris colpodes 
2. Sagenopteris phallipsi 
3. Sagenopteris nilssoniana 
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1 and 2 occur in the Middle Jurassic 
of Yorkshire, 3 in the basal Lias of Green- 
land. 

In view of the importance in the follow- 
ing discussion that the attribution of these 
organs to the same plants should be 
accepted, the evidence is briefly reviewed. 
Thomas’ evidence was association and 
agreement in structure but as originally 
stated it did not carry general conviction. 
He restated it in 1931 with some addi- 
tional evidence. Part of the difficulty was 
due to confusion caused by there being at 
Gristhorpe two types of fruit but only one 
of microsporophyll and one of leaf. This is 
now cleared up: there are two of each. 

The association evidence is reinforced 
by the finding together of a megasporo- 
phyll and Sagenopteris leaf in the Middle 
Jurassic of Sardinia (Edwards, 1929); 
and of all three organs in two localities in 
Greenland. As the Caytoniales are rather 
uncommon, this association is the more 
impressive. In each there is intimate 
association of appropriate pollen in seed 
micropyles. The evidence of structural 
agreement has been greatly reinforced by 
closer study of the epidermis of the organs 
of the three species; for instance the same 
type of capitate gland occurs on all the 
Greenland organs. I can only say I am 
completely convinced, and so far as I 
know, nobody has impugned their attri- 
bution for some years. 


Description and Discussion of the 
Separate Organs 


STEM — We still know next to nothing 
of the stem; all we have is a tiny branched 
twig ( Harris, 1940 ) bearing some of the 
characteristic foliar bud scales of Sagenop- 
teris phillipsi. The leaf scar with a single 
C-shaped leaf trace is of some interest, but 
the main interest is in the hope of finding 
better specimens of stems. Even this 
specimen is worth something for it excludes 
the possibility that the stem was thick as 
in cycads or as in many ferns. It could 
well represent a shoot from a hard wooded 
shrub or tree. 

LEAF ( Sagenopteris ) — This leaf, known 
since 1828, and given a distinct generic 
name in 1838, makes a strikingly beauti- 
ful fossil with a slender petiole and four 
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terminal leaflets. The leaflets have a mid- 
rib slightly above the middle from which 
elegantly arched veins arise. The veins 
fork freely and rejoin a little less freely to 
form a progressively finer mesh which 
vaguely recalls a fern, but is unlike a 
dicotyledon in having no free endings 
except at the margin. | 

It is clear that the leaflets are in two 
pairs, not a whorl. A diminutive speci- 
men has been found with three distant 
pairs (Harris, 1926). Specimens with only 
one pair or a single leaflet are also known 
(Thomas, 1925) and there is a series of 
forms transitional between leaves and 
foliar bud scales (Halle, 1910). The 
venation is most like that of the unclassi- 
fied Glossopteris and certain pteridosperms 
( Linopteris ); it has also a resemblance to 
the Bennettitalean Dictyozamites and the 
presumed cycad Ctenis. 

A curious feature is that both the whole 
leaf and the separate leaflets are often cut 
off cleanly by an absciss layer; abscission 
of leaflets is more familiar in dicotyledons 
than in other groups. 

The mesophyll shows an ordinary pali- 
sade and a transversely elongated trans- 
fusion mesophyll, a tissue which seems 
apt to occur where veins are rather 
distant. 

The cuticle is most interesting. The 
stomatal subsidiary cells show from their 
relative position that they have indepen- 
dent (haplocheilic) origin as in most 
gymnosperms and some angiosperms. 
They are well distinguished from the 
stomata of the Bennettitales, Gnetum and 
most angiosperms where they are sister 
cells of the guard cells. The guard cells 
on the other hand look just as in the 
mesophytic dicotyledon Vicia faba. Their 
outer surface seems to be flat, apart from 
a ‘ vorhof’ round the aperture, and it is 
noteworthy that the wall of the guard 
cells shghtly overlaps that of the subsi- 
diary cells. In cycads, conifers and fami- 
liar Mesozoic gymnosperms the guard cells 
are of a complex shape with a depressed 
aperture and margins overlapped by sub- 
sidiary cells. 

Sagenopteris leaves are widespread and 
supply our knowledge of the geographical 
and geological range of the Caytoniales. 
As far as we know, the various species form 
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a closely-knit genus and differ from one 
another only in small details of form and 
epidermal cell shape. 

MICROSPOROPHYLL (C aytonanthus ) — It 
is remarkable that Caytonanthus which is 
a small and inconspicuous fossil should be 
among those figured by Phillips in 1829, 
but his designation “unknown leaves ” 
led to no advance. Specimens were fig- 
ured by Seward (1919) as“ Antholithus SP., 
probably Ginkgo flowers ” and Phillips’ 


Fic. 1 — Sagenopteris phillipsi. Vegetative organs. 
tion. x4. B, leaf showing shedding of leaflets, restoration. x1. 
tion. x 800. D, stem with leaf scar. x4. E, shoot with leaf scars and scale leaves. x2. 
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specimen was refigured by Johnson in 1920 
as “ Ginkgoanthus phillipsi ”, an unfor- 
tunate name. 

The specimens consist of a rachis of 
dorsiventral structure (the lower epider- 
mis differs slightly from the upper ) bearing 
opposite pinnae; the pinnae branch freely 
and irregularly, and the end branches each 
bear one synangium on their surface, It 
seems that the synangia are all on the 
same side but we do not yet know which, 


A, base of leaflet showing veins, restora- 
C, stoma ( from outside ), restora- 
(1B) 208, 


simplified from original drawings in Harris, 1940 ). 


Ine, 2) — Caytonanthus arberi. A, B, C, restorations of synangia; A, the normal 4-locular ; B, 
the less common 3-locular ; C, dehisced. x20. D, restoration of part of microsporophyll ( assum- 
ing pendulous synangia). x15. E-H, pollen from a preparation of a coprolite (original slide 
deposited in British Museum ) all x 2000. E, immature tetrad showing the germ groves on the two 


upper body cells. F, grain seen in end view. G, grain with the germ grove split open. H, common- 
est view of the grain, grove in surface view. 
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and the present restoration may be 
wrong (see also Harris, 1937a). When 
they dehisce, the four pollen sacs separate 
from one another, while remaining joined 
at the base and apex; there is apparently 
no undivided core along the centre 
( Harris, 1941). This restoration differs 
a little from that of Thomas (1925) in 
showing the separate attachment of the 
synangia; but it agrees in their perfect 
radial symmetry. A few synangia show 
three and a few five pollen sacs but four 
is normal. 

No very similar microsporophyll is 
known. Branched stamens in flowers are 
of course frequent, but in none does it 
resemble Caytonanthus. Pinnate branch- 
ing occurs in the Bennettitales but the 
synangia, though varied, are different. 
Pinnate branching is familiar in the 
pteridosperms and in the Corystosper- 
maceae the microsporophyll is the same 
size, but in none are there synangia very 
like Caytonanthus. The Asterotheca group 
of the Carboniferous have slightly similar 
synangia, but so far as I know these are 
all ferns. 

In view of the fact that the synangium 
of Caytonanthus has been regarded as a 
point of agreement with the angiosperm 
stamen I would emphasize what I believe 
to be its essential difference. Most sta- 
mens have a filament, a connective and 
two lateral thecae often not placed sym- 
metrically. There is no approach to true 
radial symmetry in any of the numerous 
types of anther in the class ( Harris, 
1937b ). 

POLLEN — We now understand fossil 
pollen better than we did when the Cayto- 
niales were first described and I take this 
opportunity of adding some new facts. 
The material studied consists of thousands 
of pollen grains extracted from some 
coprolites belonging to an unknown animal 
which fed selectively on Caytonanthus 
( Harris, 1946). The grains are remark- 
ably well preserved, being undamaged by 
contact with hard solids. No contents 
are preserved but only the cutinized 
wall. 

As is well known, the Caytonanthus grain 
is like a very small Pinus grain, though 
the ‘ bladders ’ or ‘ wings’ are more nearly 
opposite. The new feature noted is a 


grove or slit, recognizable on almost every 
grain, running the length of the body 
cell and situated on the distal surface 
(i.e. the side where the bladders approach 
more nearly). In most grains this is 
seen as two faint ridges separating a 
thinner strip, but in a good many of the 
more thinly cutinized grains ( which I take 
to be not quite ripe ) the wall is split here 
and there is a gaping crack. There is no 
trace of a triradiate scar anywhere on the 
body wall. 

Nearly all the grains are of this normal 
type, but I saw two specimens of 3-winged 
grains, and one of these had an unusually 
large body cell. 

A rather well-preserved pollen tetrad 
was recognized and has been drawn. The 
cuticles are delicate and the bladders 
rather small, but already there is a trace of 
sculpture about the bases of the bladders. 
Two of the three grains exposed on the 
upper surface show widely gaping germ- 
slits, as is usual in these immature digested 
grains. This tetrad gives useful confirma- 
tion of the distal position of the germ 
grove. 

It may be recalled that Schopf ( 1938 ) 
made the suggestion that the Caytonan- 
thus grain might prove to be ‘ prepollen ’ 
like his Parasporites of the Carboniferous 
which has a triradiate scar and presumed 
proximal dehiscence. This, however, 
proves not to be the case. 

Pollen resembling Caytonanthus is today 
found only in the Abietineae and Podocar- 
paceae; different but related types of wing 
occur in the Palaeozoic conifers and in the 
Cordaitales. Nobody suggests that the 
Caytoniales have affinity with any of 
these. Among fossils it is also known 
in the pteridosperm-like Corystosperma- 
ceae and in the microsporophyll attributed 
to Ptilozamites. Isolated grains of this 
general type are common and varied in 
the Liasso-Rhaetic, and become very 
abundant indeed in the Glossopteris flora ; 
they are, however, rare in the northern 
Carboniferous floras. 

Until recently the wings of conifer 
pollens were supposed to make them float 
in the air. It was pointed out that the 
wings were folded together when the 
grain was in the air, and it was suggested 
that they closed the furrow, perhaps 
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usefully. Doyle ( 1935, 1945 ) has shown 
that in certain conifers, e.g. Pinus and 
Podocarpus, they play a special part, 
causing the grains to float up through the 
pollination drop into the micropyle. I can 
imagine this important enough to give 
such wings survival value, even though re- 
lated conifers ( Larix ) have a different me- 
chanism and here the wings are vestigial. 


Fic. 3 —Caytonia nathorsti, restorations. JA, 18%, 


showing fruit scars and surface ribs. x8. 


have been shed. x 3. 


megaspore membrane. 
C. thomasi and C. sewardi. 


ns E, Ls. through seed micropyle, cutinized layers are stippled. 
has a cutinized epidermis all around it and contains two layers of stone cells. 
thickly cutinized epidermis ; the next two cell-la 
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If Caytonanthus grains functioned this 
way, the young Caytonia would have to 
stand almost vertical at the time of 
pollination. 

Mention must be made here of the proble- 
matic Pramelreuthia. This is a single speci- 
men of a microsporophyll from the Upper 
Trias of Lunz in Austria, recently investi- 
gated by Kräusel (1949). It looks like 


part of the fruiting rachis from above and below, 


C, young fruit in L.s. showing the canal running f 
mouth to a seed (a second seed is not cut through the middle ). i over ae 


D, fruiting rachis, the lower fruits 
The integument 
The nucellus has a 


yers are imaginary ; the innermost layer is the 
There are pollen grains in the micropyle, 


This figure is based partly on | 
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Caytonia but on investigation the lateral 
bodies were shown to contain, not seeds, 
but elongated pollen sacs, the pollen being 
like that of Caytonanthus. The lateral 
bodies are termed ‘ synangia ’ but evident- 
ly differ a good deal from those of Cayto- 
nanthus and if Kräusel is right in classify- 
ing Pramelreuthia in the Caytoniales, it 
may throw a fresh light on the nature of 
Caytonanthus. 

I do not feel that this classification is 
certain. Kräusel discusses the Corystos- 
permaceae but decides that Pramelreu- 
tha is nearer Caytonanthus; he does 
not discuss Harrisia Lundblad ( =Hy- 
dropterangium Harris non Halle) the 
microsporophyll of Ptilozamites, which 
appears to me just as similar : it bears 
elongated pollen sacs in oval masses 
which may be called synangia and the 
pollen is of the right type. It is true 
that in Harrisia (see Harris, 1935) the 
synangia have two valves (as in Cyca- 
deoidea) but as far as present in- 
formation goes, this is possible in Pramel- 
reuthia. 

MEGASPOROPHYLL (Caytonia ) — The in- 
terest of the Caytoniales centres in the 
megasporophyll. Originally two genera, 
Caytoma and Gristhorpia were described, 
though Thomas expressed doubt whether 
this was necessary. It was later shown 
that several of the differences were 
inconstant, and a third species combined 
the characters of the other two. Ac- 
cordingly Gristhorpia was merged in 
Caytonia. 

Caytonia consists of a rachis some 5 
cm. long bearing lateral bodies for which 
a suitable name is hard to find. They 
look like little berries and I here call 
them ‘fruits’; I do not use that word 
in its special morphological sense, but in 
its normal use for a sweet juicy pulp 
surrounding seeds. It is a fair guess 
that it was like that for it seems (un- 
published observation) that the small 
animal, which left coprolites after eating 
Caytonanthus, at other times feasted on 
the Caytonia fruits ! 

The rachis is strongly dorsiventral 
in its epidermal structure, in its hy- 
podermal ribs and in the attachment 
of the fruits which are above the 
mid-line. Very often the fruits have 
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been cleanly abscissed, just like the 
pinnae from the petiole. We do not 
know how Caytonia was borne on the 
stem. 

The view that this is a pinnate me- 
gasporophyll is due to Thomas and no 
better one exists. It is much more like 
that than a fruiting axis bearing berries 
(cf. Ribes) or an elongated floral axis 
with ovaries (cf. Magnolia ). 

No such pinnate megasporophyll exists 
in the angiosperms, and it is rare in the 
gymnosperms where it is only met in the 
pteridosperms and the cycads which 
are presumably derived from pterido- 
sperms. It requires profound alteration 
to change from Caytonia to a flowering 
plant ovary. Thomas (1931) has given 
an ingenious series of imaginary stages 
by which this could take place and no 
doubt alternative routes could be devised, 
but all would be complicated. 

The individual fruits have a short 
stalk expanding into the closed pouch. 
There is a conspicuous outgrowth just 
above the stalk which I term the ‘lip’ 
but which was formerly called the 
‘stigma’, and there is a crack running 
in between the lip and the stalk which 
I have called the ‘mouth’. This mouth 
is the only discontinuity in the fruit wall, 
everywhere else there is a cutinized 
epidermis with no opening bigger than 
a stoma. Though the mouth is always 
closed in the ripe fruit, I believe it was 
open during development and up till 
after the time of pollination. 

The mouth and lip have been specially 
studied ( Harris, 1933, 1940). In well 
developed fruits they show a series of 
transversely arranged thickened bars and 
it is noteworthy that the number of these 
bars is about the same as the number 
of seeds—about 8 in C. sewardi, about 
15 in C. nathorsti, about 30 in C. thoması. 
Serial sections through the mouth show 
that little gaps extended inwards between 
these bars for some distance. They are 
then flattened and closed although still 
traceable for some way in the closed 
state. 

I have suggested that at the time of 
pollination the mouth was closed apart 
from a series of small gaps, the mouths 
of canals leading up to the seeds. After 
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pollination the cells round these canals 
grew as papillae which became cutiniz- 
ed and obliterated the mouths of the 
canals. I think that the cutinized 
‘stigmatic papillae’ of Thomas are mere- 
ly the outward extension of the papil- 
lae that close the mouth, and that 
the pollen never germinated in that 
position. 

We know how the seeds are arranged 
(in a single arched row in C. sewardi, 
in a double row in C. thoması ), and we 
know that in C. sewardi there is a flesh 
of large cells which are sometimes pre- 
served, but we know no more with 
certainty. There is no information at 
all about the vascular tissue. I have 
imagined that the whole cavity of the 
fruit is obliterated, apart from narrow 
channels leading from the mouth of the 
fruit to the micropyles of seeds, but 
the evidence for this is merely that one 
does not find stray pollen inside the 
fruit; it has all been directed to the 
micropyles. Faint lines detected by 
Thomas running from the fruit mouth 
to the seed micropyles, and internal 
ridges from the mouth which I have seen 
in fruits preserved in a damaged state 
are possibly such canals, but they do 
not prove their existence. 

We know too little about the structure 
of these fruits to be able to put forward 
satisfying ideas of their morphology. 
The simplest view is that a flat outgrowth 
from the rachis became spoon shaped, 
and growing more hollow and also bending 
took the form of the little abortive fruits 
found at the end of the sporophyll 
( Thomas, 1925). Further growth in the 
pouch-like part would form the main 
body of the fruit. The ovules developed 
on the upper surface which became the 
inner surface. 

In 1933 Thomas compared the fruit 
with the ‘cupule’ (of the Corystos- 
permaceae) but the nature of these 
cupules is even more problematic than 
the Caytoma fruit. There simply is no 
really closely similar structure known 
to us in the plant kingdom, and remote 
comparisons with carpels or with sporo- 
carps help us little. 

SEEDS — The seeds are flattened, oval 
and perfectly orthotropous. There is a 
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single well-developed integument (see 
Harris, 1933) of several layers of cells ; 
so far as we know there is no second 
integument, but there is a remarkable 
nucellus which is thickly cutinized all 
over apart from a round chalzal opening 
and possibly also at the micropylar end. 
Inside this there are traces of a megaspore 
membrane, but we know nothing of 
any soft parts inside that. Caytonanthus 
pollen is to be found at the base of the 
micropyle. 

The seed seems a fairly normal gym- 
nosperm seed except in one particular— 
the distribution of cuticle. In such 
gymnosperms as I have studied the 
megaspore membrane is usually well 
cutinized, but the nucellar cuticle, even 
when perfectly free, is very delicate. In 
some angiosperms at least there is a 
thickly cutinized nucellus but thin megas- 
pore just as in Caytoma. I would suggest 
that one or other cuticle has some phy- 
siological function and they are alter- 
natives. The cutinized membranes of 
living and fossil seeds deserve more 
study. 

Some isolated seeds resembling those of 
Caytonia in structure, but specifically 
distinct from any of the species of Cay- 
tonia have been described under the name 
Amphorispermum ( Harris, 1932). There 
are several species and they are common 
in both Rhaeto-Liassic and in Middle 
Jurassic coals. It is a curious fact that 
no pollen has ever been found in their 
micropyles. They add nothing to our 
knowledge of the Caytonzales. 

POLLINATION — In the original account 
Thomas reported that numerous C. arberi 
pollen grains were sometimes to be found 
on the lip of C. nathorsti and it was con- 
cluded that this part functioned as a 
stigma. At that time pollen had not been 
observed in the seed micropyles. Rather 
later ( Harris, 1933 ) pollen was observed 
inside the micropyles of seeds of the Liassic 
species C. thomasi, both in intact fruits and 
in isolated seeds ; the robust seeds of this 
species being specially favourable for 
study. Thomas (1933) suggested that 
C. thomasi differed from the Middle 
Jurassic ones in its mode of pollination, 
but it was later shown (Harris, 1941 ) 
that pollen can very often be observed in 
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their micropyles also ; in fact when once 
a suitable modification of the method 
was devised, it was possible to show 
appropriate pollen grains in one-third 
of the micropyles of isolated seeds of both 
Jurassic species. A second third show 
none (though I cannot say that there 
really are none since they may be hidden ). 
The last third of the seeds is, I am 
sorry to say, the fraction I wrecked by 
clumsy manipulation. It is harder to 
show pollen in seeds macerated out of 
fruits for purely technical reasons, but 
this has been done for C. sewardi as 
well as C. thoması.. 

It is interesting to note that all the 
pollen grains in the Yorkshire seeds con- 
sist of Caytonanthus grains, as do all 
but a very few of those in the Greenland 
seeds. 

Since pollen enters the seed micropyles 
pollination is clearly gymnospermous. 
Krausel (1926) reached this decision 
much earlier. The pollen on the lip of C. 
nathorsti must consist of grains which had 
failed to enter. The central cell of the 
grains in the seed micropyles has usually 
burst, but there is nothing to show if there 
was a short pollen tube. 

It has been suggested that at pollination 
the sporophyll stood upright and liquid 
secreted by the seeds passed down canals 
through the flesh to the small openings 
through the mouth of the fruit, and hung 
there as a pollination drop. Wind blown 
pollen caught by this drop would float 
up these canals by virtue of its airsacs, as 
in various conifers. After pollination the 
canals were sealed by cell ingrowth and the 
fruit was securely closed. The micropyles 
of the seeds too became closed by swelling 
in their outer parts. 


The Systematic Position of the 
Caytoniales 


Up to this point the separate organs of 
the Caytoniales have been considered and 
compared individually. This is convenient 
but liable to suggest false relationships. 
Phylogenetic relation is between whole 
plants ; and two plants should only be 
considered related when every organ of 
one can be interpreted in relation to the 
corresponding organ of the other ; it is 
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for the individual to decide how much 
latitude he allows. 

We are but imperfectly equipped for 
comparing the whole Caytonialean plant 
as we have only about half the body of 
knowledge we might have from a fossil. 
If we had good petrifactions, we might have 
root and stem anatomy and histology, 
sporophyll and fruit anatomy and per- 
haps some facts about the gametophytes. 
Of course, one can still proceed to 
compare without such facts, and in fact it 
makes the task of finding resemblances 
easier. 

It seems to me that while each organ 
has resemblances to those of several 
groups; it is the pteridosperms which 
appear in the comparison most often ; and 
more especially in relation to the general 
form of leaf, microsporophyll and megas- 
porophyll. 

The group of pteridosperms most 
favoured is Thomas’ Corystospermaceae 
which agree in the pollen as well as in the 
size of their parts. Formerly there seemed 
to be several points of agreement with the 
angiosperms, now there are only two — 
the structure of the stoma and the distri- 
bution of the cuticles in the seed, in both 
of which they agree better with the angios- 
perms than with any known gymnosperm 
(including the pteridosperms). This, 
however, would be more impressive if these 
aspects of the pteridosperms had been 
more studied. 

If the reader is not impressed by these 
two points, I think he may well agree with 
the views expressed with varying emphasis 
by Hirmer ( 1935 ) and by Thomas himself 
(1931) that the Caytoniales are late des- 
cendants of the Pteridospermae and never 
had any close connection with the angios- 
perms. 

In view of the fact that Sagenopteris 
was once referred to the Hydropterideae, 
I would say that the only point of agree- 
ment seems to me that both Marsılia 
and Sagenopteris usually have four leaf- 
lets. 


The Caytoniales and Morphological 
Concepts 


The reader who is familiar with Thomas’ 
recent works and those on the Caytoniales 
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and the Corystospermatales will remember 
his iconoclastic treatment of morphological 
categories. Thomas has whole-heartedly 
applied the telome theory to seed plants 
and accordingly there is little or no 
difference between ‘stem’ and ‘leaf’. 
Thus he calls Caytonia both a ‘ megas- 
porophyli ’ and an ‘ axis’ and he calls the 
lateral fruiting bodies ‘ fruits’, ‘ carpels ” 
and ‘cupules’. Antholithus he calls a 
microsporophyll, but this does not prevent 
his regarding the ultimate groups of syn- 
angia as “male flowers’. The same is 
done with the Corystospermataceae where 
a single specimen is regarded as a pin- 
nately branched megasporophyll and as 
a cymose inflorescence with bracts and 
bracteoles ; the two views being considered 
to be in harmony. 

I admire those who seek general morpho- 
logical concepts in closer accord with their 
view of the real nature of plant form. I 
shall not try to emulate them here, but 
instead I would suggest that those, whose 
concepts of morphology are based on 
elementary textbooks written in say 1900, 
can continue in repose as far as the Cayto- 
niales are concerned. All we know of 
Caytonia is in accord with the idea of a 
pinnately branched megasporophyll and of 
Antholithus with a pinnately branched 
microsporophyll in the sense in which these 
terms were used shortly after 1900. It 
is when we try to picture Caytonia becom- 
ing a Caltha follicle that we start to do 
violence to rules of morphology. The 
female organs of the Corystospermaceae 
(Thomas, 1933) do present real difficulty, 
but I think it is because we do not yet 
know them well enough. They certainly 
do look rather like some cymose inflores- 
cences of flowering plants ; and again 
they do look rather like pteridosperm 
megasporophylls in which lamina de- 
velopment is very feeble. I feel that closer 
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knowledge might well decide between 
these two alternatives and not lead us 
to the view that both are equally right. 
I am inclined to doubt if the little 
outgrowths from the branching stalks 
of these organs have the relation of bracts 


at all; I suggest that they are mere- . 


ly reduced pinnules with no special rela- 
tion to the main branches. (In pinnate 
leaves the basal pinnule even if well de- 
veloped is not considered to be subtend- 
ing the pinna.) 

I do not suggest that ‘19th Century mor- 
phological rules ’ interpret the real nature 
of the plant form ( whatever that phrase 
means ) better than the new morphology 
of the ‘telome theory’, but I do sug- 
gest they form an altogether easier basis 
for clear description. It is remarkable 
how many plant organs are neatly and 
unequivocably designated. It is true 
that the old rigid morphological rules 
break down at times and morphologists 
have rightly directed their attention 
to these cases. I suggest that these 
breakdowns are very few in relation to 
the cases which are successful, and some 
prove on further investigation to be ac- 
cording to rule. 

The fossil botanist has a harder task 
than the morphologist describing a recent 
plant. He has imperfect specimens but 
he must try to make out the same sort of 
facts of form and structure as the other 
botanist would do with his good material. 
It takes him longer, some things are un- 
certain, and as a rule much remains beyond 
his ability to learn. He may feel that he 
has already exercised his imagination 
quite enough in the discussion of what, 
with recent material, would be indisput- 
ably fact of observation, and accordingly 
he is reluctant to embark on further specu- 
lation. That at any rate is my position 
with the Caytoniales. 
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IÉEACONMRIBUTIONSB Ye THE GAMETOPHYTE TO 
CLASSIFICATION OF THE HOMOSPOROUS FERNS 


ALMA G. STOKEY 
Mount Holyoke College, South Hadley, Mass., U.S.A. 


Within the last 15 years there have 
appeared four classifications of the 
ferns. Christensen (1938) included in 
his scheme the Eusporangiate groups — 
Ophioglossales and Marattiales — as well 
as the Filicales. Ching (1940) took 
up only the “ Polypodiaceae ” and those 
genera of other families which he con- 
sidered closely related to it. Holttum 
in 1946 considered only the Polypodiaceae 
sensu lato, but in 1949 outlined a scheme 
for classification of the whole of the Fili- 
cales. Copeland (1947) covered all the 
genera of the three orders, Ophioglossales, 
Marattiales, and Filicales. 

There seems to be general agreement as 
to the composition and status of the 


primitive families, Marattiaceae, Osmun- 
daceae, Gleicheniaceae, Schizaeaceae, and 
Hymenophyllaceae. These with the Cya- 
theaceae and Polypodiaceae constituted 
the seven families recognized by Mettenius 
in 1856, and were the families generally 
accepted in the Jatter part of the 19th and 
early 20th centuries. ( Mettenius included 
the Ophioglossaceae, as have most recent 
writers, although there has come to be 
some uncertainty as to the status of this 
family. The present discussion will deal 
primarily with the leptosporangiate ferns 
which have far more in common with one 
another than with the eusporangiate 
Marattiaceae, and very little in common 
with the Ophioglossaceae.) Hooker, in 
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1825, established the family Parkeriaceae 
to accommodate the genus Parkeria 
( Ceratopteris ) which has gone in and 
out of the Polypodiaceae ever since. 
Presl established the families Loxsoma- 
ceae and Matoniaceae in 1848 ; their 
acceptance has been intermittent. In 
“ Die natürlichen Pflanzenfamilien ”’(1902) 
there were nine families listed in the 
following order : Hymenophyllaceae, Cya- 
theaceae, Polypodiaceae, Parkeriaceae, 
Matoniaceae, Gleicheniaceae, Schizaea- 
ceae, Osmundaceae, and Marattiaceae. 
This group has received the addition of 
several families each consisting of a single 
genus : Dipteridaceae (Seward & Dale, 
1901 ), Plagiogyriaceae (Bower, 1926). 
and Hymenophyllopsidaceae ( Christen- 
sen, 1938). 

Until Bower undertook his morpho- 
logical investigations early in this century 
which culminated in his three volumes on 
ferns ( 1923-1928 ), there had not been a 
true phylogenetic approach to the prob- 
lem of classification of the ferns. His 
morphological studies emphasized criteria 
which had not always been considered, 
in particular the vegetative characters. 
The morphological approach brought out 
new interpretations and stimulating theo- 
ries, of which the most important led to 
the splitting of the polyphyletic Cyathea- 
ceae, which had been held together by the 
tree-fern habit ; and the treatment of the 
Polypodiaceae as a polyphyletic assem- 
blage of groups of diverse origins. Bower 
detached from the Cyatheaceae the two 
genera which he regarded as most primi- 
tive, Lophosoria and Metaxya, and estab- 
lished the family Protocyatheaceae. Of 
greater importance was the separation 
from the Cyatheaceae, as the family 
Dicksoniaceae, of those genera in which 
he interpreted the sorus to be of marginal 
origin — Thyrsopteris, Dicksonia, Cibo- 
tium, and Culcita. To this group he added 
five genera from the Polypodiaceae — 
Dennstaedtia, Saccoloma, Microlepia, Lepto- 
lepra, and Hypolepis. Neither of these new 
families has been altogether stable ; the two 
genera of the Protocyatheaceae may be 
found back in the Cyatheaceae in several 
classifications, but the four genera sepa- 
rated from the Cyatheaceae as part of the 
Dicksoniaceae have never been returned 
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to it. Those who do not accept Bower’s 
Dicksoniaceae in whole or in part, combine 
one or more of the component genera with 
genera from the “ Polypodiaceae ” in one 
of the newer families. Bower’s presentation 
of evidences for polyphylesis of the old 
established Polypodiaceae had much to do 
with the breaking up of that unwieldy 
assemblage of 7000-7500 species, and the 
formation of smaller groups of greater 
unity. 


I. CHRISTENSEN, MANUAL OF PTERIDO- 


LOGY, 1938. 


Marattiales 


1. Angiopteridaceae 3 gen. 
2. Marattiaceae 3 gen., 80 spp. 


Filicales 


. Osmundaceae 3 gen., 20 spp. 

. Schizaeaceae 4 gen., 160 spp. 

. Gleicheniaceae 5 gen., 120 spp. 

Matoniaceae 2 gen., 4 spp. 

. Hymenophyllaceae 4 gen., 600 spp. 

Loxsomaceae 2 gen., 4 spp. 

. Hymenophyllopsidaceae 1 
2 spp. 

10. Plagiogyriaceae 1 gen., 30 spp. 

11. Dicksoniaceae 4 (5 ?) gen., 40 spp. 

12. Cyatheaceae 5 gen., 700 spp. 

13. Polypodiaceae “ By far the largest 

family consisting of about 170 

genera and 7000 species. It is di- 

vided below into subfamilies. Most 

of them are well characterized and 

were perhaps better dealt with as 

families.” 


gen., 


1) Dennstaedtioideae 

2) Lindsayoideae 

3) Davallioideae 7 gen. 

4) Oleandroideae 1 gen. 

5) Pteridoideae 12 gen., and 3 
acrostichoid genera probably 
derived from 5). 

6) Gymnogrammoideae 27 gen., 5 
tribes 


Cryptogrammeae 
Ceratopterideae 
Gymnogrammeae 
Adianteae 
Cheilantheae 
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7) Vittarioideae 

8) Onocleoideae 

9) Blechnoideae 

10) Asplenioideae 

11) Woodsioideae with 5 gen. tran- 
sitional between 11 and 12 


12) Dryopteridoideae 


Dryopterideae 
Thelypterideae 
Six acrostichoid genera pro- 
bably of Dryopteroid origin 


13) Dipteridoideae 1 gen. 


) 
14) Polypodioideae over 1200 spp. 
15) Elaphoglossoideae 4 gen., over 
350 spp. 
II. CHING, REVISION OF “ POLYPODIA- 
CEAE ”, 1940. 
1. Culcitaceae 2 gen., 10 spp. 
2. Dennstaedtiaceae 8 gen., 175 
spp. 
3. Lindsayaceae 9 gen., 235 spp. 
4. Dictyoxiphiaceae 1 gen. 
5. Davalliaceae 11 gen., 180 spp. 
6. Oleandraceae 1 gen. 
7. Hypolepidaceae 1 gen. 
8. Pteridaceae 11 gen. 
9. Sinopteridaceae 3 tr., 13 gen., 280 
spp. 
10. Gymnogrammaceae 17 gen., 270 
Spp. 
11. Adiantaceae 2 gen., over 200 
spp. | 
12. Ceratopteridaceae 1 gen., 2-4 spp. 
13. Antrophyaceae 4 gen., over 45 
spp. 
14. Vittariaceae 4 gen., 90 spp. 
15. Loxogrammaceae 1 gen., 35 spp. 
16. Aspleniaceae 2 tr., 21 gen., 1300 
spp. 
17. Thelypteridaceae 12 gen., 800 
spp. 
18. Sphaerostephanaceae 1 gen, 5 
spp. 
19. Monachosoraceae 2 gen., 4-5 spp. 
20. Blechnaceae 8 gen., 240 spp. 
21. Onocleaceae 2 gen., 4-5 spp. 
22. Woodsiaceae 2 gen., 40 spp. 
23. Hypoderriaceae 1 gen., 4 spp. 
24. Peranemaceae 2 gen., 2 spp. 
25. Aspidiaceae 2 tr., 48 gen., 1050 
spp. 
26. Didymochlaenaceae 1 gen., 1 sp. 
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27. Acrostichaceae 2 gen., 6 spp. 
28. Cheiropleuriaceae 1 gen., 1 sp. 
29. Dipteridaceae 1 gen., 8 spp. 
30. Platyceriaceae 1 gen., 10 spp. 
31. Polypodiaceae 46 gen., 500 spp. 


32. Grammatidiaceae 9 gen., 400 
spp. 

33. Elaphoglossaceae 4 gen., over 350 
spp. 


Ching’s family 1 consists of two genera, 
Culcita and Cystodium ; Christensen placed 
the former in the Dicksoniaceae, and the 
monotypic Cystodium, there, tentatively. 
Ching’s families 2, 3, 5, 6, 8, 16, 20 21, 
22, 29, 31 and 33 are Christensen’s 
subfamilies raised to family rank with 
some changes in content. Christensen’s 
Gymnogrammoideae has been divided by 
Ching into his families 9, 10, 11 and 12; 
his subfamily Vittarioideae has been split 
into the families 13 and 14 ; his Dryop- 
teridoideae into 17, 18, 19, 25 and 26; 
his Polypodioideae into families 15, 28, 
30 and 31. Ching has detached genera to 
constitute new families, the following with 
but a single genus: Dictyoxiphiaceae, 
Hypolepidaceae, Loxogrammaceae, Sphae- 
rostephanaceae, Monachosoraceae, Hypo- 
derridaceae, Didymochlaenaceae, Cheiro- 
pleuriaceae, and Platyceriaceae. Four of 
his new families, 1, 11, 24 and 27, have 
only two genera. 


III. HOLTTUM, CLASSIFICATION OF FERNS, 
1949. 


. Osmundaceae 

. Schizaeaceae 

. Gleicheniaceae 

. Matoniaceae 

. Hymenophyllaceae 

. Plagiogyriaceae 

. Dicksoniaceae 

. Protocyatheaceae 

. Cyatheaceae 

. Polypodiaceae 5 groups 
. Grammatidiaceae 9 gen. 
. Thelypteridaceae 6 gen. 
. Dennstaedtiaceae 
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1) Dennstaedtioideae 
2) Lindsayoideae 

3) Davallioideae 

4) Oleandroideae 

5) Pteridoideae 
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6) Asplenioideae 

7) Blechnoideae 

8) Lomariopsidoideae 7 gen. 
9) Dryopteridoideae 

10) Tectaridoideae 

11) Athyrioideae 


14. Adiantaceae 


1) Gymnogrammoideae 
2) Vittarioideae 


While Holttum has made fewer major 
divisions than Ching and no “ splinter ” 
families, he has made many subdivisions 
of his largest family, the Dennstaedtia- 
ceae. His scheme has much more in 
common with Christensen’s than with 
Ching’s. He has, however, split Christen- 
sen’s subfamily Asplenioideae and made 
a subfamily of the Athyrium group ; he 
has made two new subfamilies: the 
Lomariopsidoideae which contains some 
of Christensen’s Dryopteroid derivatives 
together with Elaphoglossum; and the 
Tectaridoideae, in which, also, are mem- 
bers of Christensen’s Dryopteridoideae. 
He agrees with Ching in recognizing as a 
family the Grammitid ferns, most of which 
have appeared at some time in the Poly- 
podieae, or even in the genus Polypodium ; 
and he has also recognized as a family, 
Thelypteridaceae, the Thelypteroid ferns, 
which Christensen ranked as a tribe of the 
Dryopteridoideae. Holttum’s Adiantaceae 
is unlike Ching’s, which consists of only 
two genera, as it includes two of Christen- 
sen’s subfamilies, the Gymnogrammoideae 
and the Vittarioideae, of which he says 
“ The alliance, however, is not at all 
close”. 


IV. COPELAND, GENERA FILICUM, 1947. 


Marattiales 


1. Marattiaceae 6 gen., 100 spp. 


Filicales 
2. Osmundaceae 3 gen., 21 spp. 
3. Schizaeaceae 4 gen., 160 spp. 
4. Gleicheniaceae 6 gen., 130 spp. 
5. Loxsomaceae 2 gen., 3 spp. 
6. Hymenophyllaceae 34 gen., over 
400 spp. 
7. Pteridaceae 63 gen., 1150 spp. 
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8. Parkeriaceae 1 gen., 5-6 spp. 
9. Hymenophyllopsidaceae 1 gen., 2 


spp. 

10. Davallewese 12 gen., 215 spp. 

11. Plagiogyriaceae 1 gen, 24 
spp. 

12. Cyatheaceae 7 gen., 850 spp. 

13. Aspidiaceae 66 gen., 2950 spp. 

14. Blechnaceae 8 gen., 240 spp. 

15. Aspleniaceae 9 gen., 725 spp. 

16. Matoniaceae 2 gen., 3 spp. 

17. Polypodiaceae 65 gen., 
spp. 

18. Vittariaceae 9 gen., 140 spp. 
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Copeland’s treatment is the most com- 
prehensive and includes all the genera of 
ferns. In the introduction he gives a 
discussion of principles, and gives the 
reasons for his groupings in connection 
with the descriptions of families and 
genera. Copeland has included in his 
Pteridaceae all of Bower’s Dicksoniaceae 
and Christensen’s Gymnogrammoideae. 
Copeland’s largest family, the Aspidiaceae, 
includes four of Christensen’s subfamilies— 
Onocleoideae, Woodsioideae, Dryopteroi- 
deae, and Elaphoglossoideae — as well as 
the tribe Athyrieae of Christensen’s As- 
plenioideae. Copeland has made two more 
families than Holttum from the “ Poly- 
podiaceae ” 
the Thelypteroid ferns from the Aspidia- 
ceae nor the Grammitid ferns from the 
Polypodioid group. As will be seen, 
there is considerable difference of empha- 
sis in the different schemes. The taxo- 
nomy of the ferns is, indeed, a very live 
subject. 


The Gametophyte 


While it is not to be expected that the | 


morphology of the gametophyte will ever 
be a dominant factor in interpreting the 
phylogeny of ferns, it may in certain 
cases be one of a group of helpful factors. 


Bower (1923), in his phylogenetic ap- | 


proach to the classification of ferns, gave a 
list of characters which he hoped might 


serve as 
view to their phyletic seriation’’. He in- 


cluded the morphology of the thallus and | 


the structure of sexual organs, but com- 


mented on the limitations : “ The fact |! 


but he has not separated | 


criteria for comparison with a ! 
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that the details of the gametophyte are 
very imperfectly known in the large 
majority of species has hitherto made its 
general use impossible for generic and 
specific comparison. Moreover, the very 
dependence of the prothallus, as regards its 
form, upon the external conditions ruling 
during its development is another serious 
obstacle to its use in comparison with a 
view to classification.” 

More recently Holttum (1949) has 
given a discussion of his concept of a 
primitive fern and of the evolutionary 
development from the primitive type. He 
concludes with a paragraph on the pro- 
thallus : “ Little has yet been published 
on the comparative morphology of pro- 
thalli of the majority of ferns. There 
must be at least a considerable special- 
ization to different habitats. In such a 
simple organism, such specialization may 
overshadow distinctive features which 
might indicate evolutionary lines.” 

Any one who undertakes work with the 
prothallus soon becomes conscious of both 
limitations, the meagre literature and the 
difficulties of interpreting the effects of 
environment. Bower and Holttum were 
both, unfortunately, right in their em- 
phasis on the little which had been done. 
This is particularly true of the gameto- 
phytes of the higher ferns. While the 
structure of the prothallus of the lower and 
intermediate major families has received 
sufficient attention to indicate that the 
prothallus, although a relatively simple 
organism, does have its value in indicating 
evolutionary progress, our knowledge of 
that great body of ferns known for many 
years as the Polypodiaceae is lamentably 
weak. Barely 50 genera and 250 species, 
out of a possible 200 genera and 7500 
species, have appeared in the literature of 
the gametophyte. Many references are 
limited to one or two features — germina- 
tion time, mode of germination, form of 
mature thallus, hairs, antheridia, apo- 


gamy, anomalous features, ecology — and 


they rarely give a complete life-history of 
the prothallus and its behaviour under 
a wide range of conditions. If even a 
small number had been described with 
any degree of completeness, we might 
have a better basis for evaluating the 
possible contribution of the gametophyte 
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to the classification of the higher ferns. 
Unfortunately, many people who have 
written on the prothallus have not work- 
ed with enough forms — species, genera, 
families — or over a long enough period, 
or under a wide enough range of con- 
ditions, to be able to interpret their 
results. It is possible that the very 
simplicity of the thallus makes it less 
simple to interpret. Experience is helpful 
but not infallible in enabling one to dis- 
tinguish inherited characteristics and ten- 
dencies from the effects of environment. 
I am not unsympathetic with these partial 
studies, as I know only too well the 
difficulties involved in attaining anything 
even suggesting completeness. A certain 
amount of physiological understanding is 
important in interpreting variation in the 
prothallus, but so far, those who have made 
the physiological approach have not had 
a sufficient morphological background to 
connect the physiology and morphology 
of the gametophyte. We cannot, how- 
ever, expect to have a full understanding 
of the gametophyte and its value in the 
interpretation of phylogeny without a 
combination of the physiological and 
morphological approaches. 

It can be shown, I believe, that there is 
a definite correlation between the sporo- 
phyte classification and the prothallus 
habit in the families of the first rank, or 
perhaps, I should say, of unquestioned 
family rank. It is perfectly possible to 
recognize the family from the gameto- 
phyte as well as from the sporophyte. 
However, it is a question to what extent 
such correlations may exist in the various 
new families which are being established, 
or at least, suggested, as successors to the 
“ Polypodiaceae ”. A study of the litera- 
ture of the fern prothallus, meagre as 
it is, together with some study, unfor- 
tunately too limited, which I have 
made on representatives of various 
groups, indicates that the uniformity of 
the gametophyte of this immense group 
is not as great as has often been assumed, 
and that there are variations which 
may have significance in phylogenetic 
study. 

In considering the contributions which 
the gametophyte can make to the phylo- 
genetic system, I shall follow Holttum’s 
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method with the sporophyte, giving the 
characteristics of the primitive gameto- 
phyte and evolutionary tendencies, so 
far as they have been determined. Any 
consistent or persistent variations in 
structure, or specializations which have 
been observed, will be noted. It may be 
possible to recognize in them, when more 
information is assembled, indications of 
phyletic lines. It seems probable that 
the gametophyte will be most likely to 
give aid in interpreting small groups, such 
as the Vittarioid ferns, or perhaps, the 
Grammitids and the Elaphoglossum group. 
It is less likely that the gametophyte 
will be helpful with the large new families, 
such as Copeland’s Pteridaceae, Aspidia- 
ceae, and Polypodiaceae, or Holttum’s 
Dennstaedtiaceae. On the other hand, 
a knowledge of the gametophyte may be 
useful in finding a better interpretation 
of some of the less harmonious compo- 
nents of these families. The gametophyte 
is not likely to be helpful with individual 
species, but it may aid in placing problem 
genera. 

The mature gametophyte of those ferns 
which are regarded as primitive is a 
relatively large thallus with a heavy midrib 
which may become 10-18 cells thick. The 
germination of the spore results in a mass 
or a plate, rarely a filament of a few cells 
which quickly passes into a plate. The 
thallus is slow in development requiring 
six to eight weeks at least but usually 
several months to produce archegonia. 
The Osmundaceae are the quickest of the 
primitive ferns, but slower than the higher 
ferns under comparable conditions. As 
a rule, several months must elapse between 
spore germination and fertilization of 
the egg with the ensuing development 
of the leafy plant. The antheridium 
of the lower leptosporangiate ferns, the 
Osmundaceae and Gleicheniaceae, is 
large, superficial, and may contain 
several hundred sperms ; the wall layer 
consists of 6-10 cells with a triangular 
or oval opercular cell which is discharged 
at dehiscence and may persist for several 
hours intact. The archegonium in these 
families has a relatively long neck, 8-10 
cells, and is approximately straight or with 
a slight curve. The axial row which con- 
sists of egg, ventral canal cell and neck 
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canal cell with two nuclei is fairly uniform, 
but in these families a wall is sometimes 
found between the neck canal nuclei. The 
nutritive jacket layer of the venter of the 
archegonium develops rather more slowly 
and is less conspicuous than in the higher 
ferns. \ 

Evolution 
general, has been in the direction of 
shortening the time between spore germi- 
nation and fertilization — a speeding up 
of the attainment of the leafy plant stage. 


We find in the higher ferns greater adapt- | 


ability in the germination stages, and a 
much stronger tendency to produce a 
filament on germination than in the pri- 
mitive ferns. If the place of germination 
is unfavourable either because of in- 
adequate light or space, it is often possible 


for a filamentous growth in a few days to : 


reach a place in which a plate can develop 
advantageously. The ability to respond 
readily to adverse conditions by the 
development of a filament gives to such 
ferns a great advantage over those groups 
in which filament development is res- 
tricted or lacking. A point of interest 
physiologically, and perhaps genetically, 
is the question of the intensity of light 
which will discourage the development of 
a filament and encourage that of a cell plate, 
or at least a thallus with but one cell at 
the base. The converse is also of interest— 
at how low an intensity of light will a 
filament grow in length without forming 
a plate. Probably each species has its own 
threshold at which the light intensity 


causes it to make the response of forming | 


a plate, although this may well be com- 
plicated by other factors. It may be of 


significance that the epiphytic habit has | 


developed in those groups in which germi- 
nation regularly begins with a filament, 


the Hymenophyllaceae and the Polypo- | 


diaceae sensu lato. The families in which 
the spore germinates as a mass or plate, 
or less commonly by a short filament, are 
ground ferns — the Marattiaceae, Osmun- 
daceae, Gleicheniaceae, Dipteridaceae, and 
also the Cyatheaceae and Dicksoniaceae 


sensu stricto, in which the short filament | 


passes quickly into a plate. 


The evolution of the antheridium has | 
been in the direction of a reduction in | 
size with a decrease in the number of cells 


in the gametophyte, in). 


| the early stages of the prothallus. 
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in the wall (usually three in the higher 
ferns ) and a correspondingly lower sperm 
content. The opercular cell is circular, 
as seen from above, and is usually dis- 
charged intact but is very delicate and 
collapses quickly. The archegonium in the 
higher ferns has a shorter neck than in the 
primitive ferns, usually 5-7 cells, and 
characteristically curved away from the 
notch; the shape of the neck cells is such 
that the neck canal is enlarged towards 
the tip. In the “ Polypodiaceae”’ the 
archegonium development may begin while 
the prothallus is relatively small and the 
midrib only two cells thick, while even in 
the Osmundaceae, which are quick and 
efficient for primitive ferns, the midrib is 
5-6 cells thick when the first archegonia 
begin to develop on its flanks. We may 
find archegonia in the higher groups less 
than four weeks after sowing of the spores, 
but it is usually six weeks or more in the 
Osmundaceae, and several months in the 
Marattiaceae and Gleicheniaceae. Pro- 
bably the slowest prothalli in reaching 
maturity — the stage of bearing antheri- 
dia and archegonia — are found in the 
Hymenophyllaceae (Stokey, 1948). This 
is not one of the most primitive fami- 
lies, but one of the most highly spe- 
cialized in the adaptation of both sporo- 
phyte and gametophyte to its tropical 
habitats. 

In observations of fern prothalli we 
should have in mind the following points 
whether or not we know of any phylo- 
genetic significance : 

1. TYPE OF SPORE GERMINATION — The 
type of spore is of interest here although 
it is also considered in descriptions of the 
sporophyte. The type of germination has 
been of value in connection with the 
characterization of the major families, but 
it remains to be seen how valuable it will 
be in characterizations of the new groups 
of the more advanced ferns. As mentioned 
above, evolution has been in the direction 
of greater plasticity and ar in 
(NS 
probable that the greater the plasticity 
the less valuable the germination stage 
from the phylogenetic viewpoint. This 
feature, probably the least rewarding in 
the study of phylogeny, has received a 
relatively large amount of attention in the 
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literature of the prothallus. However, 
no line of evidence should be neglected, 
but care should be taken to make a 
comparative study of germination stages 
under a wide range of conditions — the 
form of thallus grown in abundant space 
in contrast to that grown when crowded 
in masses or clumps; and a comparison 
of growth in intense diffused light with 
that obtained in as weak a light as 
permits growth. The degree of adapta- 
bility is of interest, but how is it to be 
measured ? 

In a filament the basal cell may be long 
and slender or short and bulbous, and if 
the latter, it may have a longitudinal 
division. The filament may consist of 
many short cells, or relatively few long 
ones, or may even be a differentiated 
filament (Fig. 4a). The first longi- 
tudinal divisions may occur in the terminal 
cell, or in a cell farther back ; most of the 
cells in the filament may undergo longi- 
tudinal divisions or only those near the 
tip ; there may also be oblique divisions 
in one or more cells. Growth of the 
filament in length may be stopped by the 
differentiation of the tip cell into a papilla 
( Fig. 2a ), and while such a cell sometimes 
undergoes an oblique or longitudinal 
division, it does not take part in the 
development of the plate. 

2. DEVELOPMENT OF THE CELL PLATE— 
In most of the higher ferns which have 
been studied, the early stages of plate 
formation are brought about by the activ- 
ity of a wedge-shaped apical cell from 
which segments are formed alternately 
right and left. This seems to be regularly 
the case in those prothalli which develop 
the symmetrical heart-shaped thallus at 
maturity. Considerable attention has been 
given to the apical cell — the place where 
it arises and the sequence of divisions 
giving rise to it. An apical cell may be 
formed from the terminal cell of the 
filament by several different sequences 
of divisions; in such cases the symmetrical 
lobing of the cordate thallus appears early. 
If the growth of the filament is check- 
ed by the formation of a papillate hair 
at the tip, the apical cell arises laterally 
from one of the cells behind the tip; the 
young thallus will be asymmetrical for 
a short period but the asymmetry is 
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transient if conditions for growth are 
favourable. In Fig. 2a-c are shown three 
early stages which may occur in this type 
but not the later symmetrical stage. 
This type is not uncommon and is found 
in Asplenium septentrionale (L.) Hoff., 
Blechnum spicant (L.) J. Sm., Stenochlaena 
palustris ( Burm.) Bedd., Polystichum loba- 


Fics. 
in development. 
mature thallus. x8. 


(6) young stage from culture with space ; (c) later stage with lateral meristem. Fig. 5, Elapho- | 
glossum viscosum, mature thallus. x10. 


1-5 — Early stages and habit of prothallus. 
Fig. 2 a-c, Stenochlaena palustris, three young stages. 
Fig. 4, Onychium siliculosum, (a) 
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tum ( Huds.) Pr. and many others. This 
mode of development is not consistently 
present in all species which bear papillate 
hairs ; it probably does not occur con- 
sistently in any species. Orth (1936) 
investigated in detail the development of 
the apical cell in 11 species and, by com- 
parison with other accounts, tried to 


SLA 
ve A 


Fig. 1 a-d, Acrostichum speciosum, stages 
Fig. 3, Vittaria elongata, | 
young stage from crowded culture; 


| thallus, 
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establish a pattern or set of patterns for 
each species. He attributed great signi- 
ficance to this aspect of development, 
even though he found that several species, 
Pteridium aquilinum (L.) Kuhn, Onoclea 
struthioßteris (L.) Hoff. [ Matteuccia stru- 
thiopteris (L.) Todaro ] and Scolopendrium 
vulgare Sm. [ Phyllitis scolopendrium (L..) 
Newm.], may show three or four modes 
of development. The variations which 
Orth and others found in one species and 
the distribution of similar types in groups 
of ferns which give no other evidence of 
close relationship indicate that the se- 
quence of divisions in the germination and 
early cell plate stage will probably make 
but a limited contribution to phylogeny. 
Such evidence will have to be used with 
discretion. 

The apical cell sooner or later undergoes 
a periclinal division followed by an anti- 
clinal and its career as a single mother 
cell is over; from that time the growth in 
length and width is brought about by the 
marginal meristem which has resulted 
from the division of the apical cell and 
which occupies the central region at the 
tip. The prothallus at this stage may be 
spatulate but more often shows a lobed 
apex. The lobes increase in size and the 
prothallus becomes cordate with the 
marginal meristem occupying the notch 
between the lobes. After a short time 
divisions parallel to the surface appear 
in the cells immediately behind the 
notch initiating the midrib. With that the 
thallus has attained the stage of develop- 
ment in which archegonia may be formed. 

In certain ferns the prothallus regularly 
omits the apical cell stage and passes 
from the filament into the marginal 


_meristem stage without forming a wedge- 


shaped cell of sufficient activity to give it 
unquestioned recognition. Either apically 
or laterally a group of cells of apparently 
equal value forms a marginal meristem. 
The thallus may develop at first with a 
blunt or flattened apex, but later the tip 
may become lobed as in the ribbon-like 
thallus of Elaphoglossum viscosum ( Sw.) 
Schott (Fig. 5). In another type of 
apparently of more frequent 
occurrence, the marginal group of meristem 
cells is lateral from the beginning; the 
thallus begins asymmetrically and it 
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continues to grow more or less asymmetri- 
cally throughout its life. This type is 
best known for its occurrence in Anemia, 
but it is found in other more advanced 
ferns such as Actiniopteris ( Stokey, 1948 ) 
and Onychium (Fig. 4c). An extreme 
form is found in Acrostichum aureum L. 
(Schumann, 1915) and in A. speciosum 
Willd. (Fig. la-d). In any fern, even 
the most orthodox, the apical cell may 
be suppressed under some undetermined 
conditions, and there results an unusual 
or irregular pattern of growth, but not the 
orderly asymmetry of Anemia or Actiniop- 
terts. 

In addition to the variations from the 
typical cordate habit mentioned above, 
the asymmetric thallus and the ribbon- 
like thallus, there is a branching type with 
discontinuous meristematic regions along 
the margin. This is found in many 
members of the Hymenophyllaceae and 
in the Vittarioid ferns (Fig. 3). There 
is also a type of thallus, filamentous at 
maturity, found in other members of 
the Hymenophyllaceae and in the genus 
Schizaea. 

In ferns with the cordate type of mature 
thallus, it is not unusual to find branching 
in the early stages, either branching of the 
filament or of a slender ameristic ribbon- 
like growth. The filament sometimes 
branches as soon as it emerges from the 
spore coat. These irregular growths seem 
to be the effect of the environment ; 
the better the conditions for growth, the 
fewer the irregularities. It seems probable 
that healthy vigorous prothalli give a 
better presentation of inherited traits than 
do those which have adapted themselves 
to difficult or unusual conditions. Branch- 
ing of the midrib is sometimes found in 
large vigorous prothalli, especially those 
of the more primitive ferns ; these large- 
branched prothalli look very like liver- 
worts. Old prothalli kept in culture 
several years may show a growth which 
is related to the seasons; the winter 
growth is narrow with a poor development 
of the wings; under better conditions the 
thallus broadens and the tip again becomes 
lobed rather than rod-like. It is possible 
that both light and temperature enter into 
this effect. Williams (1938) has given a 
discussion of various environmental factors 


48 PHY TOMORPHOLOGY 


and their effect on the development of the 
prothalius. 

The cells of the wings of the mature 
prothalli of Anemia and Mohria ( Bauke, 
1878), and also of Lygodium ( Heim, 
1896) show a peculiar collenchyma- 
like type of thickening on the corners and 
lateral walls (Figs. 18-20). So far as is 
known it is found in all species of these 
genera. If the thickening is well devel- 
oped, it shows in fresh material ; but 
it is more conspicuous when stained with 
Congo red after a preliminary treatment 
with 4 percent KOH. Horvat (1923) found 
that certain species of higher ferns, 
Adiantum cuneatum Langsd. and Fisch. 
and A. bausei Hort. show the same type 
of thickening, and he suggested that it 
might have genetical significance. A 
slight thickening at the corners but not 
on the lateral walls (Fig. 21) may be 
found in Athyrium filix femina (L.) 
Roth, Drynariopsis heraclea { Kze.) Ching 
( Polypodium heracleum Kze. ), and others, 
but the type found in the Schizaeaceae 
is probably less common as well as more 
distinctive. 

3. HAırs — There are many types of 
hairs which may be found on the fern 
prothallus. Many ferns, however, have 
naked prothalli, completely lacking in 
hairs at any stage. This is true of the 
primitive families, Marattiaceae and Os- 
mundaceae, as well as the more advanced 
Hymenophyllaceae, Dicksoniaceae, and 
Dipteridaceae. There may be many 
genera with naked thalli among the upper 
level of families but our knowledge is 
limited to species and is not sufficiently 
extended to cover genera and larger 
groups. 

Hairs are rather sparsely developed 
in the Schizaeaceae ; they are best known 
in Anemia but occur also in Mohria and 
Lygodium. The hair in this family is 
short, usually two-celled, borne on the 
margin, and curved towards the apical 
region of the thallus ( Figs. 9, 10). The 
type in the Gleicheniaceae (Stokey, 
1950 ) is interesting in its form and origin; 
it consists of two or three cells with an 
elongated tannin-containing cell at the 
tip; it arises from a special initial 
which is a wedge-shaped cell cut from the 
anterior side of either a dorsal or ventral 


{ August 


cell, usually in the archegonial region 
( Figs. 6-8). These hairs may be sparing- 
ly developed and, therefore, can easily 
be missed. In the Cyatheaceae there 
is also a characteristic hair —a long, 
multi-cellular, spike-like or bristle-like 
hair in the archegonial region of mature 
prothalli (Fig. 11). They are large 
enough to be easily visible in fresh material 
and give an unmistakable appearance 
to the prothallus of the Cyatheaceae. 
Like the hairs of the Gleicheniaceae 
they arise from a special wedge-shaped 
initial. Up to this time no prothallus 
of the “ Polypodiaceae ”” has been report- 
ed to have the type of hair which 
arises from a special initial. If one is 


found, it would have a strong claim on | 


Gleichenioid or Cyatheoid ancestry. 
The multi-cellular hairs which Schlum- 
berger (1911) reported for Woodsia and 
Diacalpe, and which he considered 
evidence of Cyatheoid ancestry, have 
received credit which they do not merit, 
since they do not arise like those of 


the Cyatheaceae, but are at best merely | 
a slight amplification of a very common | 


type. 
In the “ Polypodiaceae’’ the most 
common type of hair is the papillate 


type arising from near the centre of a | 


superficial or marginal cell, which may 
divide later ; it is usually one cell long 
(Fig. 12a-e). The wall which separates 
the hair from the parent cell may be 
at the base of the hair or on a dome-like 
extension of the parent cell. At first 
these hairs contain chloroplasts which 
may persist for a long time. The hair 
may remain smooth and rounded at the 
tip or produce a glandular secretion 
which shrivels and dries. This type 
is so widely distributed—also so in- 


consistently distributed I might say— | 


that it does not seem probable that it 
can be of genetic significance except in 
special cases. It is found in several 


species of Asplenium — A. septentrionale | 


(L.) Hoff., A. ruta-muraria L., and A. 


adiantum nigrum L.—but not in A. 


trichomanes TL. or A. viride Huds. ; in 


Athyrium angustifolium (Michx.) Milde | 
but not in A. filix femina (L.) Roth or A. | 
in Davallia bullata 
Wall., Phegopteris spp., and all species of | 


alpestre Rylands ; 


‘| lingua, branched hairs from venter. 190. 
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Dryopteris of which the prothalli have 
been described. In Polypodium vulgare 
L. they may appear late and sparingly. 
Lagerberg (1908), who studied hairs on 
Swedish species of feras, distinguished 
between primary and secondary hairs 
according to their position on the 
thallus, 

There are other hairs of similar origin 
and distribution but of a distinctly 
different aspect ; this is a glandular hair 


Fics. 6-17 — Types of hairs. Figs. 6-8, gleichenioid hairs. 


| young hair. 
' section of thallus with old hair. 


Fig. 7, Hicriopteris bancroftii, 


| of papillate hair. 
| cap dislodged. Fig. 14, Phlebodium aureum 


it species. x 225. 


hair on ventral surface. 
Fig. 9, Anemia phyllitis. 
») Cyathea pubescens, hairs from ventral surface. 
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with a yellow waxy secretion which 


stains with Congo red and is sufficiently 
firm to hold its shape when displaced 
(Fig. 13a-c). They were reported by 
Tryon (1947) for Notholaena standleyi 
Maxon and by Giauque (1949) for 
several other species of Notholaena ( Chei- 
lanthes). They have appeared in my 
cultures on two species of Elaphoglossum 
and on a tropical prothallus, probably 
Cyclopeltis presliana (J. Sm.) Berk. 


Fig. 6, Dicranopteris pectinata, 1.s. of 
Fig. 8, Gleichenia vulcanica, 
Fig. 10, Anemia adiantifolia. Fig. 11, 


Fig. 12, Woodwardia radicans, stages in development 
x225 Fig. 13, Elaphoglossum viscosum, hairs with waxy secretion; (c) waxy 
, two types of multi-cellular hair. 
Figs. 16, 17, hairs on prothalli of two tropical 


Fig. 15, Pyrossia 
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(The culture was too sparse to give 
perfect assurance of the identity of the 
prothalli.) The hairs may occur in 
such abundance as to give the thallus 
a greyish cast instead of a vivid green. 
We need to know more about the dis- 
tribution of this type of hair. 

There are also branching hairs ( Figs. 
14, 15), first reported by Klein ( 1881 ) 
for Polypodium heracleum Kze. | Dry- 
nariopsis heraclea ( Kze.) Ching |. Schu- 
mann (1915) found them in Leptochilus 
zeylanıca Fée [ Dendroglossa zeylanica 
(Fée) Copel.] and Stenosemia aurita 
(Sw.) Pr. ; Köhler, in Aspidium moorei 
(Hk) Diels [ Cionidium moorei (Hk) 
Moore ] ; and Straszewski (1915) in five 
species of Platycerium. They have appeared 
in my cultures in five other species : 
Hymenolepis spicata (L.f.) Pr. [ Bel- 
visia spicata (L.f.) Mirbel], Polypo- 
dium crassifolium L. [ Pessopteris crassi- 
folia (L.) Underw. and Maxon], Poly- 
podium aureum L. [ Phlebodium aureum 
(L.) J. Sm.] and Cyclophorus lingua 
(Thunbg.) Desv. (Pyrossia lingua Mirbel). 
Except for the two species in the Aspi- 
dium group the others belong to the Poly- 
podiaceae sensu stricto, and several are 
described as related to Pleopeltis. This 
distribution suggests that in some cases 
this may be a characteristic of genetic 


value. 
De 


a 
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Fics. 18-21 — Prothallus cells with thickening on walls. 
Fig. 20, A. phyllitis. 


Fig. 19, Anemia mandioccana. 
Trichomanes auriculatum, development of gemmae. 
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A curious type of spine-like hair was 
reported by Goebel (1888, 1930) as 
characteristic of Polypodium obliquatum Bl. 
(Grammitis obliquatum Hassk.).  Schmel- 
zeisen (1933) described a similar type 
associated with a glandular hair on the 
prothallus of Dryopteris parasitica (L.) 
Kze. [ Cyclosorus parasiticus (L.) Farw.]. 
Hairs of this type were found on a pro- 
thallus ‘which came up as a stray in a 
culture of spores sent me from Singapore 


(Fig. 16). It seems highly probable that | 


with a more extended investigation of the 


gametophytes of tropical ferns, new types | 


of hairs and new combinations of types 
may be found. 
character usually appear on the gameto- 
phyte at the base of an apogamous growth, 
but these should not be confused with 
gametophytic hairs. 


4. Ruizorps — Although rhizoids are by | 


no means uniform in colour, form, texture, 
and distribution, it is rather doubtful if 
they show much of phylogenetic signi- 
ficance. In the more primitive families 
there are usually chloroplasts present when 
the rhizoid is young, but they may also be 
found in young rhizoids on old prothalli. 
Chloroplasts are less common in the rhi- 
zoids of the higher ferns which I have 
studied, but they may be found in the 
first rhizoid, less frequently in the later. 
Branching of the rhizoid seems to be of 


Hairs of a sporophytic | 


Fig. 18, Lygodium flexuosum. x 350. 
Fig. 21, Drynariopsis heraclea. Figs. 22, 41 
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infrequent occurrence except in the Hy- 
menophyllaceae ( Stokey, 1940). Septate 
rhizoids are not common except in the 
more primitive families ; they occur in the 
Marattiaceae, especially in Danaea, and 
also in the Osmundaceae. While the 
rhizoid wall is colourless at first, sooner or 
later, except in the Marattiaceae ( Stokey, 
1942 ), the walls darken and become tan 
or some shade of brown. Rhizoids, as 
found in various species and groups, differ 
in abundance and texture. In Onychium 
siliculosum ( Desv.) C. Chr. they are so 
delicate and abundant that they suggest 
cobwebs. On the other hand, in the pro- 
thalli of the Gleicheniaceae the reddish- 
brown rhizoids are both coarse and 
abundant, giving a characteristic aspect 
to the prothalli. Although the substra- 
tum influences the development of the 
rhizoids and under certain circumstances 
they turn brown very early, each species, 
and perhaps group, seems to have its 
characteristic type. On cordate prothalli 
after the early spatulate stage in which 
rhizoids arise from marginal cells, their 
origin is usually limited to the cells of the 
plate and later to those of the midrib. In 
the branched ribbon-like thallus of the 
Hymenophyllaceae the rhizoids are typi- 
cally marginal and rarely develop on the 
surface, but this is not the case in Vittania 
with a thallus of similar form. The rhi- 
zoids are borne on the marginal cells of the 
ribbon-like thallus of Elaphoglossum vis- 
cosum (Sw.) J. Sm. and E. cinchonae 
Underw. ( Fig. 5), but in the ribbon-like 
thallus of Polypodium obliquatum Goebel 
found rhizoids on the ventral cells also 
among the archegonia on the disconti- 
nuous cushions. 

5. VEGETATIVE PROPAGATION — Propa- 
gation by vegetative means is provided 
for in two ways, one of which is common, 
apparently, to all ferns, and one which 
is limited in its occurrence to two groups. 
Regeneration by young branches arising 


from cells on old or less vigorous parts 


of the thallus occurs probably in all pro- 
thalli under certain conditions. The 
branch arises from a single cell, usually 
on the margin, less frequently on the 
ventral surface. Rhizoids develop at the 
base of the branch and the growth soon 
has the aspect of a young prothallus. 
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Antheridia may arise while the young 
branch is still attached to the parent plant, 
but archegonia are rarely found at this 
stage. The branch soon becomes a typical 
prothallus like its parent. In two groups 
of ferns, the Hymenophyllaceae and the 
Vittarioid ferns (Goebel, 1924, Troll, 
1932, Britton and Taylor, 1902 ), another 
type of vegetative reproduction is of more 
or less common occurrence, but so far as 
is known, it is limited to these two groups. 
This is a more highly specialized form of 
asexual reproduction by the formation 
of distinctive gemmae. Each gemma 
consists typically of four cells or more, 
which are borne on a special stalk from 
which it is separated by a wall which 
turns brown just before the time of shed- 
ding of the gemma. The gemmae are 
not found at all times but develop under 
certain undetermined physiological con- 
ditions. 

6. SEX ORGANS— The antheridia usually 
appear before the archegonia, and may 
develop at a very early stage of the thallus 
when it consists of only a few cells. They 
do not ordinarily appear on the cordate 
thallus of the “ Polypodiaceae ” until 
14-15 days after the sowing of the spores 
and it may be much later. If the pro- 
thallus is ameristic they may develop at 
any time in great abundance. There 
seems to be considerable difference in 
species as to the extent to which they tend 
towards dioecism, but experimental work 
indicates that it is doubtful if there are 
truly dioecious prothalli among the homo- 
sporous leptosporangiate ferns. In some 
cases prothalli cease to bear antheridia 
after archegonium production has begun, 
but other species will continue to bear 
antheridia indefinitely. A decrease in the 
amount of light for several weeks may 
convert an archegonium-bearing thallus 
into one bearing antheridia ; it can be 
changed back into an archegonium-bearing 
thallus again with a sufficient increase in 
light. 

The antheridium of the “ Polypodia- 
ceae ”” is ordinarily described as small and 
spherical, with a wall consisting of three 
cells — funnel, ring, and cap. There are 
some variations from this type ; the lower 
cell may be more or less elongated and not 
funnel-like, making an obovoid antheri- 
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dium. This is the characteristic typein the 
Vittarioid ferns (Fig. 29) and I have 
found it also in Pyrossia lingua and Poly- 
podium féei (Brong.) Mett. In many 
species, as in Acrophorus stipellatus ( Wall.) 
Moore (Thomson, 1943), the basal cell 
although not funnel-like is not as much 
elongated as in Vittaria. 

Schlumberger (1911) brought to the 
attention of pteridologists the fact that 
the cap cell in the “ Polypodiaceae ” did 
not split or collapse as had been the 
accepted explanation of dehiscence for 
many years, but was discharged intact at 
dehiscence, just as in the lower ferns 
in which the cap cell is divided. ( This 
had been shown by Thuret and also by 
Henfrey more than 50 years before.) He 
also showed that the cap cell may be 
divided in certain higher ferns just as in 
the Cyatheaceae, but with only one 
division. He found this to be of regular 
occurrence in Woodsia obtusa ( Spreng.) 
Torr. and of less frequent occurrence in 
Diacalpe aspidioides. Bl. Schmelzeisen 
(1933) found the divided cap cell in 
Platycerium willinkii Moore, Adiantum 
macrophyllum Sw., and sometimes in W. 
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ilvensis (L.) R. Br. Straszewski (1915) 
confirmed this for P. willinhii and also 
reported it for P. stemaria ( Beauv. ) 
Desv., P. bifurcatum ( Cav.) C. Chr., P. 
grande (A. Cunn.) J. Sm. and P. hilli 
Moore. A few cases have appeared in my 
cultures of Blechnum procerum (Forst. ) 
Sw. and Cryptogramma  acrostichoides 
R. Br. It will probably appear in many 
other species, but until more is under- 
stood of its occurrence, it is difficult to 
know how much significance to attribute 
to it. 

Embedded antheridia have at times 
been found in many species of the higher 
ferns, but it is not probable that any. 
phylogenetic significance should be attach- 
ed to these isolated cases. 

Sometimes antheridia in the higher 
ferns have more than the usual three cells 
in the wall layer because of an increase in 
the number of ring cells. Kny (1869) 
found that the antheridium of Asplenium 
alatum HB had two ring cells occasionally 
in addition to the basal cell. I have 
found this in Onychium siliculosum ( Fig. 
30c ), and also a type of “ giant ” antheri- 
dium (Fig. 305) which was on the same 
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Fics. 24-30 — Antheridia. Fig. 24, Osmunda regalis. X225. Fig. 25, Dicranopteris jamaicensi | 
Ant} ; : à 025; sis. 

X225. Fig. 26, Cibotium barometz. x 210. Fig. 27, Cryptogramma acrostichoides, En to Fig. 28, 
nen antheridium with divided cap cell, two views. Fig. 29, Vittaria elongata | 
x . Fig. 30, Onychium siliculosum, (a) ordinary type of antheridium; (b) “giant” t : 
thallus as a; (c) intermediate type. x 250. oh PSE Ti 
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thallus as the ordinary antheridium in 
Fig. 30a. In the “giant” antheridium 
the wall layer consisted of many cells and 
a divided cap cell; the sperm content was 
very large. These large antheridia were 
found on the venter near the archegonia 
and even among the archegonia on well- 
developed prothalli, not just once but in 
several different cultures made at different 
seasons. Their mode of development has 
not been investigated. This type of an- 
theridium appears to be the same as that 
which Nägeli (1844) described and figur- 
ed for Aspidium dissectum | probably 
Dryopteris dissectum (Forst.) Kze.] in his 
pioneer work on the antheridium and 
the sperm. 

There is considerable variation in the 
form of the archegonium of the more pri- 
mitive families, but so far as is known it is 
practically uniform in the “ Polypodia- 
ceae”’, The neck is recurved in the mem- 
bers of this great group; in section it can 
be seen that the neck canal is of greater 
diameter at the tip than is the case in 
most families although the external view 
does not indicate this. The development 
seems to be alike in all homosporous leptos- 
porangiate ferns, but sometimes certain 
variations appear in the axial row. 
In the Cyatheaceae and Dicksoniaceae 
(Stokey, 1930) and in some of the 
Schizaeaceae ( Twiss, 1910; Rogers, 1926 ) 
it is not uncommon for four neck canal 
nuclei to develop. Conard (1908) found 
that three neck canal nuclei were formed 
occasionally in Dennstaedtia punctilobula 
( Michx.) Moore. 


Problems 


It now remains to be seen whether or 
not the gametophyte can present any 
assistance in regard to the classification of 
certain genera or groups of which the 
position is not established satisfactorily. 

First, I shall consider the position of the 
four genera which Bower removed from 
the Cyatheaceae as part of the family 
Dicksoniaceae — Thyrsopteris, Dicksonta, 
Cibotium, and Culcita. These four genera 
constitute the family as recognized by 


' Christensen, and in that sense I have used 


the name in this paper. The gametophyte 
of Cystodium, which he included tenta- 
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tively, is unknown. The evidence from 
the gametophyte of these four genera 
(Stokey, 1930 ) is that they are distinctly 
more primitive than the Polypodiaceae 
sensu lato. The gametophyte arises from 
a short filament which quickly passes into 
a cell plate ; the mature prothallus is of 
a heavier type with a thicker midrib than 
in the higher ferns; the antheridium is 
larger, with more cells in the wall and a 
larger sperm content, and a mode of 
development less like the “ Polypodia- 
ceae ” than the Cyatheaceae. The arche- 
gonium also, with its long neck, suggests 
the primitive ferns. The lack of bristle- 
like hairs on the gametophyte of all known 
members of the group indicates that its 
separation from the Cyatheaceae is a 
natural one. The gametophyte is known 
for only one species, Dennstaedtia puncti- 
lobula, of the five genera of the “ Poly- 
podiaceae ”” which Bower associated 
with the four genera mentioned above. 
Conard’s account indicates that there 
is a considerable gap between the 
gametophyte of Thyrsopteris, or even 
Culcita, and that of Dennstaedtia, a much 
larger gap than that between Dennstaedtia 
and Pteridium. 

The case of the Protocyatheaceae is not 
as clear. For one thing we know nothing 
about the gametophyte of Metaxya. That 
of Lophosoria conforms in general to the 
type of the Cyatheaceae, but is more 
sparing in the development of the charac- 
teristic hairs which are of infrequent 
occurrence. In germination and develop- 
ment of sex organs it is Cyatheoid, and 
although the thallus is less robust, the 
antheridia are larger. From the point 
of view of the gametophyte, Lophosoria 
can remain in the Cyatheaceae. 

The position of Difteris, considered with 
reference to the gametophyte, is much 
closer to the Gleicheniaceae than to 
the higher ferns (Stokey, 1945). The 
gametophyte is almost identical with that 
of some species of that family except for 
the lack of the characteristic Gleichenioid 
hairs. Its germination is primitive with 
a mass or plate of cells and a very slight 
tendency to form a filament; the mature 
thallus has the thick midrib and ruffled 
wings of the Gleichenioid ferns; the 
antheridium is large with a many-celled 
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wall and large sperm output; and the 
archegonium is of a primitive type with 
a long and approximately straight neck. 
The primitive characteristics are even 
more pronounced than in the four genera 
of the Dicksoniaceae. 

Our knowledge of the gametophyte of 
the Loxsomaceae is limited to the account 
by Goebel (1912) of a few prothalli of 
Loxsoma which he collected in the field. 
The description indicates a strong resem- 
blance to those of the Cyatheaceae in the 
presence of multi-cellular bristle-like hairs, 
of which the mode of origin was not 
determined. The antheridium is described 
as like that of the “ Polypodiaceae ” 
rather than that of the Cyatheaceae, 
although several antheridia were found 
with a divided cap cell. Nothing is 
known of the early stages of the thallus, 
and no description is given of the arche- 
gonium. 

The family Parkeriaceae ( Ceratopteri- 
daceae ) has had an unstable position for 
well over a hundred years. It has been 
recognized as a family by Diels, Ching, and 
Copeland, but Copeland qualifies his 
acceptance with the following statement: 
“I have let the genus stand as a family 
because the degeneration of the sporan- 
gium has taken it beyond easy inclusion 
in any family description of the Pterida- 
ceae; I do not doubt that it is derived 
from that family as here construed... . 
The most probable affinity of Ceratopteris 
is to the Cherlanthes group.” The gameto- 
phyte of Ceratopteris has received enough 
attention so that we know a little more 
about it than is the case with many 
problem ferns (Kny, 1875, Mahabalé, 
1948). In general habit the gametophyte 
is asymmetrical with the omission of the 
apical cell stage; growth occurs from an 
early stage by a lateral marginal meristem; 
it bears no hairs of any type. The pro- 
thallus may be irregular in its early 
development and shows the plasticity 
which would make its inclusion in the 
higher ferns not unsuitable. The antheri- 
dium, which is usually described as more 
or less embedded, presents the chief diffi- 
culty, in relation to the gametophyte, to 
its inclusion in a group of the higher ferns. 
However, the antheridium is small, an 
advanced character, and its development 
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is such that if it were larger the embedded 
character would almost be lost. It is 
not at all like the embedded antheridium 
of the Marattiaceae. Aside from the 
anomalous antheridium the gametophyte 
is very easily aligned with that of the 
Cheilanthoid ferns. 

Among the difficult groups are the 
Cheilanthoid (Gymnogrammoid ) ferns. 
Although a little more is known about the 
gametophyte than in some groups of 
equal size, much more investigation is 
needed in the case of so large, diverse, 
and difficult a group with its 25-30 genera 
and over 600 species. Copeland has in- 
cluded all of Christensen’s subfamily 
Gymnogrammoideae in his large family 
Pteridaceae, but he treats most of the 
groups separately in his discussion of the 
family. Of the Cheilanthoid group he 
says: “ The group has long been one of 
the most puzzling of those of ferns. Its 
origin is open to dispute, its homogeneity 
is still questionable, even after I remove 
several genera, and the boundaries of the 
larger genera are subjects of free disagree- 
ment.... Adiantum is an old and isolated | 
genus. It is placed in this phylum with 
reasonable safety, but the assignment to 
any particular place would not be justi- 
fied.”’ In general, the gametophyte of this | 
group is characteristically naked, except 
for the hairs reported as occurring on 
Notholaena ( Cheilanthes ) spp. It contains 
many, if not most, of the ferns which are 
known to have a true lateral meristem and | 
subsequent asymmetrical development. 
This has been described in Gymnogramme | 
( Patyrogramma ) spp. (Goebel, 1877, 
Bauke, 1878); Anogramme spp. ( Goebel, 
1889 ); Doryopteris ( Schmelzeisen, 1933 ); 
Acrostichum (Schumann, 1915); Actini- | 
opteris (Stokey, 1948) and it is also 
found in Onychium. Some published 
drawings suggest it in other members of 
this group but the descriptions are in- 
adequate. More investigation is needed 
to determine how general this type is 
among the Cheilanthoid ferns. Ceratop- 
leris, as noted above, agrees very well 
with this group in development. Many of 
this group are xerophytic and this has J 
encouraged ecological work on the group; # 
also, many of the group are apogamous, 
so that they have appeared in the litera- 
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ture in connection with accounts of apo- 
gamy. Surprisingly little is known of the 
gametophyte of Adiantum considering the 
size of the genus; there is very little on 
habit and development except for Schmel- 
zeisen’s account of A. macrophyllum. In 
this species the apical cell functions for a 
variable time; the thallus is thin without 
a pronounced notch, and does not bear 
hairs; the rhizoids are pale and have a 
considerable number of chloroplasts. 

Both Ching and Holttum have separated 
the Thelypterid group from the Dryopterid 
group and established a separate family. 
Unfortunately, and perhaps surprisingly, 
in view of the size of the group, not a 
great deal is known about the gameto- 
phyte in this group; the accounts in 
literature are too fragmentary and are 
usually limited to special aspects. If the 
group is as close to the Dryopterid ferns 
as Christensen’s and Copeland’s classi- 
fications imply, we can hardly expect their 
gametophytes to show any characteristics 
which would set them apart, but if the gap 
is as wide as suggested by Holttum’s 
classification, there may be some differ- 
ences found between the gametophytes of 
the two groups. Waldemann (1928), who 
studied several members of each group, 
said that the course of development of the 
gametophyte of Aspidium thelypteris Sw. 
| Dryopteris thelypteris (L.) A. Gray | is 
like that of Aspidium spinulosum Sw. 
[ Dryopteris spinulosa (Müll) Kze.]. 

The large genus Elaphoglossum of over 
400 species, with its several small related 
genera, has long been a problem. Chris- 
tensen placed the Elaphoglossoideae as 
the last of his subfamilies and said: 
“Apparently a natural subfamily of 
doubtful systematic position and perhaps 
polyphyletic. It seems to have reached a 
more advanced evolutionary status than 
most of the subfamilies.” Ching has 
followed Christensen with regard to posi- 
tion in the series but has given the group 
family rank. Holttum has put it in his 
tribe Lomariopsidoideae along with En- 
golfia, Bolbitis, and Lomogramma. Cope- 
land has placed it in his largest family, the 
Aspidiaceae, associated with the same 
genera as in Ching’s system, but says: 
“ Elaphoglossum has never been satis- 
factorily placed in the classification of 
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ferns.... Its distribution is good evidence 
of age, of time for disappearance of an- 
cestors. Its uniformity leaves us without 
clues to affinity such as are often presented 
by diversity.” Our knowledge of the 
gametophyte is very scanty for so large 
a group. The literature provides only a 
short description and a few drawings of 
the vegetative habit of Chrysodium crini- 
tum Mett. [ Elaphoglossum crinitum (L.) 
Christ ] (Lampa, 1901). The prothallus 
of this species differs considerably from 
those of two Jamaican species, E. viscosum 
and E. cinchonae, which I have had in 
culture for over two years. These two, 
while not just alike, have in common the 
ribbon-like type of thallus (Fig. 5); the 
thallus of E. viscosum is flat while that 
of E. cinchonae is crisped along the margin. 
The germination filament is well developed 
in both, consisting of many cells which are 
long or short according to conditions; the 
rhizoids arise from marginal cells ; the 
peculiar hairs with waxy cap, mentioned 
above, are present in both species. In so 
large a group the results from so few 
species suggest the need for further work, 
which is now in progress. 

There is the problem of the Grammitid 
ferns, a group of tropical ferns, mostly 
small and of epiphytic habit. Those of 
us who are not systematists have been 
able to ignore their existence as a definite 
group until recent years. The genus 
Grammitis was established by Swartz in 
1802, and some of the other genera, 
Prosaptia and Ctenopteris, are almost as 
old, but the species for many years have 
been mostly assigned to the genus Poly- 
podium as given by Diels (1902) and 
Christensen’s index ( 1906). Bower does 
not mention the Grammitids — that group 
was not among the problems which he 
attacked. Christensen (1938) did not 
designate the Grammitids as a group but 
said that Grammitis and several asso- 
ciated genera were not at all closely related 
to the other genera of the Polypodioideae. 
Ching (1940) gives the family, Grammiti- 
diaceae, as one of his 33 families. Holt- 
tum recognized it as one of his five new 
families. Copeland placed the genus 
Grammitis and eight related genera at the 
end of his considerably restricted Poly- 
podiaceae, and said of them: “ The Gram- 
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mitid or Grammitoid ferns are a homo- 
geneous group consisting of three rather 
arbitrarily distinguished genera regarded 
as comparatively primitive and a number 
of smaller genera regarded as derived from 
these three. The more primitive genera, 
Grammitis, Ctenopteris, and Xiphopteris 
are found in all tropic lands.” Holttum 
considers them as not at all closely related 
to the Polypodiaceae sensu stricto and 
suggests a possible origin from the Glei- 
cheniaceae. At present our knowledge 
of the gametophyte of the Grammitid 
ferns consists of a brief contribution by 
Goebel ( 1888) as a result of his interest 
in collecting and studying the gameto- 
phytes of epiphytic ferns growing in Java. 
The only species of which he felt sure of 
the identity of the prothallus was Poly- 
podium obliquatum Bl. ( Grammitis obli- 
quatum Hassk.); this had the thin ribbon- 
like thallus with discontinuous midrib and 
peculiar spine-like hairs. He found a simi- 
lar ribbon-like thallus which he thought 
was that of Prosaptia. 

The genus Loxogramme, with about 
40 species, should also be considered. 
Christensen ( 1938 ) said of it “a distinct 
genus of very doubtful relationship, per- 
haps related to Grammitis’’. Ching made 
a family of it, derived from his Vittaria- 
ceae, and as far removed from the Poly- 
podiaceae and Grammitidiaceae as he 
could conveniently place it in his chart. 
Holttum considers that it is probably an 
aberrant member of the Polypodiaceae 
as he construes it. Copeland looks upon 
it as almost certainly derived from Gram- 
mitis. Nothing at all is known about its 
gametophyte. 

The Vittarioid ferns have been receiving 
recognition as a distinct group in recent 
systems — as a subfamily by Christensen 
and Holttum, and as a family by Ching 
and Copeland. The gametophyte of this 
group is sharply distinct from that of any 
other known higher fern ( Goebel, 1888 ; 
Britton and Taylor, 1902). It is of the 
ribbon-like branching type with disconti- 
nuous marginal regions where archegonia 
are borne ( Fig. 4). There may be many 
archegoniate cushions on old prothalli and 
many antheridia on the surface or margin. 
Another peculiarity is the production of 
gemmae. Antheridia are very commonly 
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borne on young filaments derived from 
gemmae. In both the form of the thallus 
and the production of gemmae, the 
Vittarioid group is like the Hymenophyl- 
laceae, but it is almost too much to believe 
that this is because of genetic connection. 
The peculiar character of the gametophyte 
gives support to the establishment of the 
group as a family. 

There are many groups of the “ Poly- 
podiaceae ”” of which we know practically 
nothing in regard to the gametophyte — 
the Davallioid ferns, the Lindsayoid, the 
Tectarioid, the Oleandrioid, Holttum’s 
Lomariopsidoideae, and various others. 
There are the genera in Ching’s mono- 
typic families of which the gametophytes 
are unknown in most cases, or inade- 
quately known. Since the large majority 
of fern species are in the tropics, those 
who have access to tropical ferns will have 
the best opportunities to investigate the 
gametophytes. ( However, to those who 
live in the temperate zone, the air mail 
service is a great help; a fair proportion 
of spores in a good collection will survive 
a 5-9 day journey by air, wrapped in 
tissue paper or smooth typewriter paper— 
not waxed paper.) Our knowledge of the 
relatively few temperate zone species is 
far from complete. There is needed both 
intensive work on genera and small groups 
to ascertain the extent of variation or of 
uniformity within the group ; and an ex- 
tensive study of the gametophytes of differ- 
ent groups to determine the similarities 
and differences between the larger groups. 


Summary 


A comparison is made of the classifica- 
tion of ferns in the systems proposed by 
Christensen, Ching, Copeland and Holttum. 

The gametophyte is discussed with 
reference to various aspects of develop- 
ment and structure which may be of 
service in indicating phylogeny: (1) type 
of spore germination; (2) development of 
cell plate — early stages and the mature 
habit of the prothallus which may be 
cordate, asymmetrical with lateral meri- 
stem, ribbon-like, filamentous, or branched 
with discontinuous lateral meristems; 
(3) hairs — uni-cellular or multi-cellular, 
simple or branched, spike-like or glandular 
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with various kinds of secretions; (4) rhi- 
zoids — colour, form, texture and distri- 
bution ; (5) sex organs — form and position 
on the thallus. 

The contribution of the gametophyte to 
classification is considered in connection 
with the phylogeny of such groups as the 
Dicksoniaceae, Protocyatheaceae, Dipteri- 
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daceae, and Parkeriaceae, of which the 
position is in question. Various groups 
and genera are mentioned in which work 
on the gametophyte might be of special 
value, such as the Cheilanthoid ferns, 
the Thelypterid and Dryopterids, Elapho- 
glossum and related genera, Loxogramma, 
and the Grammitid ferns. 
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CERTAIN NEW MEMBERS OF THE VOLVOCALES FROM 
INDIAN SOILS! 


A. K. MITRA 
Department of Botany, University of Allahabad, India 


The Volvocales reported on in this 
paper appeared in cultures of desiccated 
soils collected from cultivated and uncul- 
tivated fields in the neighbourhood of 
Allahabad, North India. The media used 
were Benecke’s solution together with 
a littie soil extract and sometimes with a 
small amount of cheese, and in De’s 
( 1939, p. 124) modification of the above 
solution. From these enrichment cultures 
uni-algal cultures were obtained mainly 
by streaking on solid media prepared by 
adding 1:5 per cent agar to the above 
solutions. Bacteria were not eliminated 
but by repeated subculturing, both on 
solid and liquid media, their numbers 
were kept low enough not to interfere 
with the normal growth oi the algae. 


Observations 
CHLAMYDOMONAS GRANDISTIGMA N. SP. 


Cells ellipsoidal, asymmetrical, 7-12 
v long, 3°5-6 w broad, posterior end 
usually broadly rounded, anterior end 
gradually narrowed to a truncate termina- 
tion, where the membrane is thickened 
but does not form a distinct papilla. 
Flagella arising from the ends of the 


thickened membrane, about as long as 
the body. Chloroplast, a parietal incom- 
plete band folded round the greater part 
of the periphery of the cell, the free edges 
undulate and, more or less approximated, 
the chloroplast reaching almost to the 
anterior, but usually not extending to the 
posterior end. Pyrenoid lateral, near, or 
a little above the middle of the cell, situat- 
ed in a thickening of the chloroplast ; 
nucleus posterior. Eye-spot 2:5-3 u long, 
slightly raised near the middle of the cell. 
Contractile vacuoles two, anterior. Divi- 
sion longitudinal, with formation of 2-8 | 
daughter individuals, mostly arranged | 
parallel to one another, 5-7 u long, 3-4 u 
broad. Sexual reproduction and palmella 
stages not observed. 

HABITAT — In cultures of ricefield and 
garden soils, Allahabad. 

One side of the cell is usually more 
rounded than the other (Fig. 1, A, B). 
One edge of the parietal band-shaped 
chloroplast is longer than the other, so | 
that the basal part is oblique ; sometimes 
the longer edge reaches the posterior end. ! 
The elongate eye-spot is very character- | 
istic and the cells are strongly positively 
phototropic. The daughter individuals | 
have the same structure but are narrower | 


1. Part of a thesis presented for the Ph.D. degree. Univ. of London. 
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and more elongate and sometimes have a 
more pointed posterior end (Fig. 1, G). 
All divisions are longitudinal and no rota- 
tion of the protoplast takes place; the 
products are usually arranged parallel to 
one another and point in the same direction 
( Fig. 1, C-E). Occasionally, two out of 
the four individuals lie in a plane at right 
angles to the other two (Fig. 1, F). 

This species belongs to the section 
Chlorogoniella of the sub-genus Chlamy- 
della. It resembles C. elegans West 
( Pascher, 1927, p. 279) in the shape of 
its cell and of its chloroplast but differs in 
dimensions, the mode of division, in the 
possession of a very prominent stigma and 
the posterior nucleus. It also resembles 
C. applanata Pringsheim (1930, p. 98) 
in the shape, structure and size of the cells, 
but differs in the position and size of the 
stigma, in the shorter flagella, in not form- 
ing haematochrome in old agar cultures 
and in remaining motile for a long time 
in soil extract. 


CHLAMYDOMONAS EUGAMETOS MOEWUS 
VAR. INDICA N. VAR. 


Cells 12-20 u long and 8-20 u broad. 
Flagella 14-20 u long. Gametes 5:5-12 u 
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long, 3-7 u broad. Zygote 16-22 u in dia- 
meter ; membrane 15-2 u thick. Daugh- 
ter individuals from zygotes 5-10 u long, 
3-8 u broad. 

HABITAT—In cultures containing cheese 
of cultivated soils from Allahabad, North 
India. 

The celis are more usually globular than 
the type and are broader, being rarely 
slightly more convex on one side ( Fig. 
2, A). The protoplast may sometimes ap- 
pear contracted from the wall at various 
places (Fig. 2, W); but such regions do not 
show a strong affinity for ruthenium red 
showing very little gelatinization. The 
tubular cavity of the chloroplast always 
extends nearly to the posterior end and 
is cf equal width throughout its length, 
whereas in the type it is broadest in the 
anterior fourth of the cell ( Moewus, 1931, 
p.293). Thus the chloroplast is quite un- 
like that figured by Czurda ( 1935, Figs. 2, 
5,6) for the species. The lateral pyrenoid 
is situated near, or below the the middle, 
while the eye-spot is anterior and not at 
the middle. The gametes are smaller than 
the vegetative cells (Fig. 2, H), although 
the zygote is a little larger than the species. 

The first division is longitudinal and is 
followed by rotation of the protoplast 
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Fic. 1 — Chlamydomonas grandistigma n. sp. A, B, dorsiventral vegetative cell. C, D, E, division 


of the cell. 


F, rare case of daughter cells arranged at right angles. 


G, swarmer. 
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while the planes of subsequent divisions 
are at right angles to the earlier ones, 
the daughter individuals lying parallel or 
crosswise (Fig. 2, C-F); as many as 
sixteen daughter cells may be produced. 
They are liberated by dissolution of the 
wall. 

Gametes are formed in abundance by 
division of the contents of the cells into 
8 or 16 parts, when material is transferred 
from culture to water. The gametes vary 
in size but are smaller than the vegetative 
cells, the latter showing no tendency to 
fuse in contrast to the condition present 
in the species. Fusion takes place be- 
tween gametes of all sizes (Fig. 2, H, I). 
Before conjugation, they aggregate in 


groups composing a few to more than a | 
Within these groups, ! 


hundred gametes. 
they are seen to seek out their partners, 


coming in contact by their anterior ends | 
and then again separating, to meet other | 
neighbouring individuals; there is no | 
evidence that any one particular kind of | 
When the actual ! 
contact is made between two gametes, | 
clump. | 


gamete is sought out. 


they swim away from the 
Ultimately, almost all the gametes of a 
group fuse in pairs. Fusion is initiated 
by the swelling of the anterior ends be- 


tween the flagella and, in this condition, | 
the pair of gametes swims forwards and | 


backwards for about four hours, although 
actual fusion commences only after the 


Fic. 2 — Chlamydomonas eugametos Moewus var. indica n. var 
oval cell. | 


daughter cells within parent. 
zygote from gametic membrane. 
mella stage. W, vegetative cell with contracted protoplast from old agar culture. 


À, nearly globular cell. B, 


C-F, stages in division showing rotation of protoplasm. G, production of sixteen | 
H-M, stages in conjugation of gametes. 
P, mature zygote. 


N, O, liberation of 


Q-U, germination of zygote. 


V, pal- | 
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flagella are withdrawn. The protoplasm of 
each gamete then begin to contract from 
the posterior end. The gametes are walled 


‘ and during fusion and enlargement of the 


zygote the fused walls of the gametes also 
broaden specially in the middle ( Fig. 2, 
I-M). When the zygote has developed its 
rough wall, it comes out of the fused 
gametic membrane after its rupture ( Fig. 
ZN, O ). 

The mature zygote (Fig. 2, P ) appears 
to be covered by a membrane resembling 
a cuticle. This is not stained by cotton- 
blue, gentian-violet, iron-alum haemato- 
xylin, methylene blue or chlor-zinc-iodide ; 
but after immersion in 50 per cent chromic 


‘ acid for a few hours, it takes up a faint 


but distinct stain with scharlach red. On 
germination, the zygote generally produces 
four daughter individuals ; but any num- 
ber from 5 to 8 may also be produced 
(Fig. 2, Q-U ), according to whether one 
or more of the original four divide again. 
Liberation of the daughter individuals 
takes place by a wide rupture of the 
zygote wall. 

Well-defined palmella stages have not 
been observed, but cells are occasionally 
found in pairs within a lamellate wall 
(Fig. 2, V). The growth formed on agar 
is dark green and, after a long time, 
most of the cells show a contracted 
protoplast. When these are transferred 
to water, they gradually assume motility, 
although they do not fuse. They soon 
commence to divide and produce daughter 
individuals. Overnight, they produce 
numerous gametes, which form groups 
and fuse, as described above. 

Moewus (1931, p. 293) at first stated 
that the characters of C. eugametos re- 
mained constant, even after culturing in 
various solutions; but later (1934b, 
pp. 234-35) affirmed a great degree of 
variability in different media. This con- 
clusion was not supported by the in- 
vestigation of Czurda (1935). Therefore, 
the differences between the present variety 
and Moewus’s species is probably not due 
to cultural conditions. Moewus ( 1934a, 
p. 98) concluded that C. eugametos was 
identical with C. sphagnophila Pascher 
(1930, p. 125) (incorrectly referred to 
as C. sphagnicola ) in which he states that 
he has observed the same kind of sexual 
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reproduction as in C. eugametos. If this 
is correct, the later-described C. eugametos 
should be placed as a synonym of C. 
sphagnophila and the present variety 
would be called C. sphagnophila var. in- 
dica. It differs from C. sphagnophila in 
having broader cells with shorter flagella, 
in the more basal position of the pyrenoid 
and in the nucleus being in front of the 
pyrenoid and also in the greater excavation 
of the chloroplast. 


CARTERIA INTERMEDIA N. SP. 


Cells globular, rarely oval, diameter 11- 
20 u, without a papilla. Cell wall thin, 
sometimes lying at a distance from the 
protoplast in the posterior portion. Fla- 
gella slightly longer than the body: 
12-22 u long. Chloroplast light green, 
cup-shaped, filling the entire cell, except 
for a small region at the anterior end, the 
hollow of the cup narrow and tubular, 
the basal region thick. Pyrenoid large, 
median, situated just below the hollow 
of the cup. Nucleus in front of the pyre- 
noid. Stigma minute, rounded, slightly 
raised, a little in front of the middle of 
the cell. Contractile vacuoles two, ante- 
rior, often indistinguishable. Division into 
two, four, or rarely eight parts, daugh- 
ter cells liberated by gelatinization of the 
wall. Gametes naked, isogamous, glo- 
bular or rarely oval; 4-flagellate, dia- 
meter 8-12 u, having the same structure 
as the vegetative cells. Fusion during 
movement, the gametes coming into 
contact along their sides. Zygospore 
spherical, diameter 12-16 u, contents at 
first green, but later becoming slightly 
orange; wall 1-15 u, thick, smooth, 
hyaline, non-lamellate. 

HABITAT — In cultures of soil from rice- 
fields, Allahabad, North India. 

Most of the larger cells are globular 
( Fig. 3, A) and in many the contents are 
separated from the surface layer of the 
wall at the posterior end and along the 
sides by mucilage, which stains strongly 
with ruthenium red. The smaller cells 
are sometimes oval. The daughter cells 
acquire flagella and exhibit movement 
while still within the wall of the parent 
(Fig. 3, L). They escape through the 
swollen and gelatinized wall and, in 
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attempting to free themselves, often 
drag the whole group along for some 
time. 

Palmelloid stages consisting only of one, 
two or rarely four cells enclosed in muci- 
laginous envelope, showing one or two 
lamellae, are frequently seen (Fig. 3, 
M, N). Escape of the cells takes places 
as just described. 

The gametes are naked and isogamous, 
although there are sometimes slight differ- 
ences in size between the fusing gametes. 
In spite of the presence of many gametes, 
conjugation is not very frequent. The 
gametes become apposed sideways 
(Fig. 3, D) during movement which 
continues vigorously until contact is 
firmly established. Then the movement 
becomes sluggish and the pair often comes 
to rest, although the flagella still continue 
to move. As fusion proceeds, a gradually 
broadening bridge is formed between the 
two gametes, which ultimately come to 
be of the same diameter as the gametes. 
The chloroplast becomes denser and the 
pyrenoids come into contact. The flagella 
are not shed until the zygote rounds off 
(Fig. 3, I). The process of fusion takes 
about 6-10 hours. 

This species appears to be intermediate 
between C. globosa Korschikoff ( Pascher, 
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1927, p. 143 ) and C. multifilis Dill. which 
are related according to Pascher (lc. | 
p. 150). It resembles the former in most | 
of its characters but the cells are smaller, 
although Skuja (1927, p. 54) records 
specimens reaching only 17 u in diameter. | 
Other points of difference lie in the fact 
that the hollow of the chloroplast is not 
flask-shaped, that the pyrenoid is median, 
and that some of the cells are oval. If 
Pascher’s (l.c. p. 143) view that Dan- 
geard’s form of C. multifilis is identical 
with C. globosa Korsch., then there is a 
marked difference between the sexual re- 
production of C. globosa and of the species | 
here described. C. intermedia differs 
from C. multifiis in the absence of a 
papilla, in its shorter flagella, in the median 
position of the stigma and in the details 
of sexual reproduction. In. C. multifilis, | 
the gametes possess walls and fuse by their 
anterior ends. 


COCCOMYXA SUBSPHAERICA CHODAT 
ET JAAG; VAR. TERRESTRE 
NE WAM RY 


Cells not embedded in mucilage, oval to 
rounded, one side usually flattened, ends 
broadly rounded, 5-11 u long, 3:5-6 u 
broad. Wallthin. Chloroplast pale green, 


smaller oval cell. 
L, swarmer within mother cell with flagella. 
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Fic. 3 — Carteria intermedia n. sp. A, vegetative cell. 
D-H, stages in conjugation of gametes. 


B, cell with contracted cytoplasm. C, 
I, zygote. J, K, vegetative division. 


M, N, palmella stage. 
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without a pyrenoid, parietal, occupying 
the more convex face of the cells, cell 
content with a few granules. Aplano- 
spores two or four, liberated by rupture of 
the wall, which persists for some time. 

HABITAT — In cultures of cultivated 
and uncultivated soils from Allahabad, 
North India. 

Differs from the type in the frequent 
occurrence of oval cells, which are larger. 
Jaag (1933) compares C. subsphaerica 
with C. subglobosa Pascher (1915, p. 210, 
Fig. 5), in which the chloroplast is very 
narrow ; if that is also so inC. subsphaerica, 
the Indian variety would have a more 
extensive chloroplast. 


Fic. 4— Coccomyxa subsphaerica Chodat et Jaag var. tervestre n. var. 
G-J, division of cells into two or four. K, liberation of aplanospore. 


Summary 


Four new members of the Volvocales, 


viz. Chlamydomonas grandistigma n. sp. 


C. eugametos Moewus var. indica n. var., 


| Carteria intermedia n. sp. and Coccomyxa 


subsphaerica Chodat et Jaag var. terrestre 
n. var., have been described and their 
methods of reproduction studied in some 
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detail. Chlamydomonas grandistigma be- 
longs to the section Chlorogoniella and is 
characterized by the possession of a very 
prominent stigma. C: eugametos Moewus 
var. indica, unlike the species, forms 
gametes by division of the mother cell into 
8 or 16 parts. These gametes form groups 
before conjugation. The mature zygote 
is covered with a cuticle and on germina- 
tion forms 5 to 8 daughter individuals. 
In Carteria intermedia the gametes become 
apposed sideways during copulation and 
continue to move in the 8-flagellate con- 
dition. The bridge between them gradual- 
ly broadens until it comes to be of the 
same diameter as the gametes, after which 
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A-F, vegetative cells. 
L, M, empty wall. 


the zygote rounds off. Coccomyxa sub- 
sphaerica var. terrestre differs from the type 
in possessing larger oval cells with a more 
extensive chloroplast. It reproduces by 
division into two or four aplanospores. 


The author is indebted to Professor 
F. E. Fritsch, F.R.S., for advice and guid- 
ance during this investigation. 
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CHROMOSOME MORPHOLOGY OF SOME SPECIES OF 
LILIUMTZANDTERIZITFARTA 


P. N. MEHRA AND P. KACHROO 


East Punjab University, Amritsar, India 


Several investigators have studied the 
chromosomes of Lilium and have reported 
the 2n number to be 24. Some indivi- 
duals have been observed to possess one 
or two additional centric fragments or 
chromosomes in the complement ( Darling- 
ton & Janaki Ammal, 1945). Polyploidy 
seems to be rare in the genus and is report- 
ed in nature only in L. tigrinum in which 
the diploid form also occurs. Previous in- 
vestigators reported this species to be an 
autotriploid but Stewart and Bamford 
(1943) have adduced evidence to show 
that it is an allotriploid on the basis of 
chromosome morphology and _ meiotic 
studies. Stewart (1947) has recently 
worked out the karyotypes of 48 species 
and varieties of the genus. He reports 
that some species possess three different 
karyotypes while in other cases as many as 
four species have identical karyotypes. 
His findings show that karyotypes in the 
genus Lilium can be broadly arranged in 
natural groups. He found “ the position, 
activity and number of secondary constric- 
tions to be the most variable features of 
the karyotypes of Lilium species”. In 


addition to the secondary constrictions 
related to the formation of nucleoli, he 


also reported the presence of additional | 


non-nucleolar secondary constrictions in 
the chromosomes. 

The genus Fritillaria contains about 
50 species of which nearly 30 have been 
worked out. The diploid number in most 
of these is 24. But in F. ruthenica and 
F.nigra the 2n number is 18 and 18+ 0-3 
fragments respectively. In F. pudica the 
2n number is 26 but there is a triploid 
form with 39 chromosomes. F. dasyphylla, 


F. latifolia, F. lanceolata and F. recurva 


occur both as diploids and triploids and 

in these species the basic number is 12 

(Darlington & Janaki Ammal, 1945). 
In the present study the cytology of 


Lilium nepalense Don; L. wallichianum | 


Schult ; L. henryi Baker, L. longiflorum 
Wall ; L. tigrinum Ker-Gawl and Fritillaria 
cirrhosa Don has been worked out. The 
first, second and sixth species have been 
studied for the first time. 


were obtained from the Chandra Nur- 


sery, Sikkim, and grown in sand in pots. | 
The diploid chromosome complement was 
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studied from root tip squashes. Lewit- 
sky’s fixative was used and Feulgen’s 
Leuco-diamant Fuchsin Squash method 
was followed. The analysis of the karyo- 
types was made only from very flat 
metaphase plates in which the chromo- 
somes showed no signs of breaking or 
stretching. 


Observations 
L. NEPALENSE — The 2n chromosome 
| number is 24. The idiogram of the 


haploid complement is shown in Fig. 1. 
Chromosomes A and B have a sub-median 
kinetochore; B has also a secondary 


| constriction in the short arm. The rest 
| of the chromosomes possess a sub-terminal 
| kinetochore but differ in the size of the 


| long and short arms. 
| arranged in the idiogram according to the 
| diminishing size of the short arm. Chromo- 


heirrhosa, 


They have been 


some C has a secondary constriction in the 
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Fics. 1-6 — Idiograms of species of Lilium and Fritillaria. 
Fig. 4, L. longiflorum. 


wallichianum. Fig. 3, L. henryt. 
x 1450. 
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short arm. Chromosome L has the small- 
est short arm. 

L. WALLICHIANUM — The 2n number is 
24. The 12 chromosomes of the haploid 
complement include two with a sub- 
median kinetochore and ten with a sub- 
terminal kinetochore. Chromosome K 
possesses a secondary constriction in the 
long arm (Fig. 2). 

L. HENRYI — There are 24 chromosomes 
in the diploid complement. A and B 
possess a sub-median kinetochore but with 
short arms of different lengths. A possesses 
a secondary constriction near the kineto- 
chore in the short arm. The rest have 
sub-terminal kinetochores. F possesses 
a secondary constriction in the long arm 
(ie): 

This karyotype exactly resembles that 
given by Stewart (1947) for the same 
species. Mather (1935) found one to 
two fragments in this species and in 
one individual out of three Stewart also 
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Fig. 5, L. tigrinum. Fig. 6, Fritillaria 
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reported two centric fragments in the 
diploid complement. No such fragments 
were observed in the present case. 

L. LONGIFLORUM — The 2n number is 
again 24. A and B possess a sub-median 
kinetochore and the rest have a sub- 
terminal kinetochore. C has a secondary 
constriction in its long arm. No secondary 
constrictions of the nucleolar type were 
observed in D and G nor any non-nu- 
cleolar constriction in the short arm of C 
such as are reported by Stewart ( 1947) 
in the species ( Fig. 4). 

L. TIGRINUM — The 3n number in this 
species is 36. Among the 12 trios two 
have a sub-median kinetochore but are 
different in the size of their long and short 
arms. In A the two arms are nearly 
equal. B has a secondary constriction in 
the short arm. The remaining chromo- 
somes possess a sub-terminal kinetochore. 
Of these D possesses a secondary constric- 
tion in the long arm ( Fig. 5). 

La-Cour ( Darlington & Janaki Ammal, 
1945) observed 0-1 fragments in the 


Literature Cited 


DARLINGTON, C. D. & JANAKI Amat, E. K. 


1945. ‘‘Chromosome Atlas of Cultivated 
plants.” George Allen & Unwin Ltd. 
London. 


STEWART, R. N. & BAMFORD, R. 1943. The 


diploid variety. Stewart and Bamford | 
(1943) did not find any fragment in | 
their investigation of the triploid variety. | 
They, however, reported the D-trio to | 
be heteromorphic and, therefore, consi- | 
dered the species to be an allotriploid. | 
The present observations do not reveal | 
the presence of any heteromorphic | 
trio. 

FRITILLARIA CIRRHOSA — This species 
also has 24 chromosomes in the diploid | 
complement. A and B have a sub-median | 
kinetochore and the rest possesses a sub- | 
terminal kinetochore. Chromosomes D 
and G possess a secondary constriction in | 
their long arms ( Fig. 6). 


Summary 


Karyotypes of five species of Lilium and 
one species of Fritillaria are described. 
The basic chromosome number in all is 12. 
All the species are diploids with the 
exception of L. tigrinum which is a tri- 
ploid. 


nature of polyploidy in Lilium tigrinum. 
Amer. J. Bot. 30 { 1-7. 

STEWART, R. N. 1947, The morphology of 
somatic chromosomes in Lilium. Amer. J. 
Bot. 30: 9-26. 
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THE USE AND THE ABUSE OF ANATOMICAL DATA 
IN THE STUDY OF PHYLOGENY AND 
CLASSIFICATION! 


I. W. 


BAILEY 


Harvard Biological Laboratories, Cambridge, Mass., U.S.A. 


Much time and effort have been ex- 
pended in attempts to demonstrate that 
a particular organ or part of the plant 
is inherently the most conservative 
and, therefore, merits a dominating rôle 
in the study of phylogeny and classi- 
fication. Thus, many anatomists have 


| been inclined to argue that internal struc- 
| tures, particularly vascular ones, are more 


dependable than the exomorphic charac- 


, ters commonly utilized by taxonomists. 


That such controversial assumptions are 
unjustifiable is clearly indicated by com- 
prehensive analyses of the angiosperms as 
a whole. The behaviour of the morpho- 
logical characters of the stem, root, leaf, 
flower and fruit is, in general, of a funda- 
mentally similar kind. This is true 
regardless of whether one is concerned with 
finer structures viewed under the com- 
pound microscope or with grosser charac- 
ters visible with the unaided eye. Each 
morphological character, when it can be 
studied in a wide range of different plants, 
proves to be relatively stable in certain 
plants and highly variable in others. It 
is evident, accordingly, that anatomical 
characters are inherently no more reliable 
than exomorphic ones, but are susceptible 
to equivalent and equally valid uses. The 
employment of such characters merely 
adds more strings to the investigator’s bow. 

If this basic premise be accepted as 
valid, the question of the advisability of 
attempting to incorporate anatomical data 
in taxonomic monographs resolves itself 
into two parts: (1) what volume of data 


| needs to be included, and (2) how much 
{ can be profitably included at the present 
| time owing to practical limitations ? The 


answer to the first part of the question 
obviously depends upon the objectives of 
a monograph and the uses to which it is 
to be put. If the primary objectives are 
accuracy in the identification and the 
naming of plants, and maximum efficiency 
in the arrangement, maintenance and use 
of specimens in herbaria, anatomical data 
need not of necessity be included, although 
they may be significant and useful in many 
cases. On the contrary, if a salient ob- 
jective is the elucidation of phylogeny and 
accurate determinations of varying degrees 
of relationship, evidence from all parts of 
the plant, including anatomical data, is 
indispensable. 

The introduction of phylogenetic con- 
cepts in taxonomy, and _ premature 
attempts to formulate a “truly natural 
classification ’’, obviously have led to 
increasing confusion and controversy in 
the study of the angiosperms. This has 
been due, I believe, not to undesirable or 
unattainable objectives, but largely to 
excessively circumscribed points of view 
and to dependence upon unreliable pre- 
mises. Chief among these has been a 
tacit and unwarrantable assumption that 
plants can be arranged in valid phylo- 
genetic sequences or relationships upon the 
basis of data obtained from a single organ 
or part, and without corroborative evi- 
dence from other organs and parts. In 
addition, there has been a failure to 
recognize how frequently morphological 
similarities have arisen through parallel 
or convergent evolution. 

Anatomical data that have accumulated 
during the last 35 years are particularly 
significant in these connections. In the 
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case of most dicotyledons, there is a 
striking division of function within the 
vascular tissues, certain linear series of 
tracheids having become moditied to form 
vessels whereas other tracheids have 
assumed an increasingly fibre-like form. 
These co-ordinated trends of evolutionary 
specialization of the tracheary cells are 
largely unidirectional and irreversible, and 
are fully and adequately preserved in 
surviving angiosperms. There, fortunately, 
are no serious missing links in these phylo- 
genetic chains and it is not essential to 
search geological strata for vesselless pro- 
angiosperms since ancestral types of pri- 
mitive xylem are retained in a number of 
living representatives of both the dicotyle- 
dons and the monocotyledons. Further- 
more, these particular trends of evolution- 
ary specialization cannot be read in 
reverse, as so frequently happens in deal- 
ing with other phylogenetic series, since 
no one is likely to argue, in the light of our 
present knowledge of Land Plants, that 
tracheids originated from the dissociated 
members of vessels. 

Although the development of vessels in 
angiosperms provides one of the most, if 
not the most, extensive, complete and 
reliable phylogenetic trends of specializa- 
tion known among either plants or animals, 
it should be clearly recognized and freely 
admitted that there are distinct limitations 
upon its use in the study of relationships 
and classification. For example, it would 
be possible to arrange the angiosperms 
according to a system of increasing special- 
ization of the vascular tissues, but such a 
system of classification would prove to be 
as artificial as others that have been based 
primarily upon evidence from one part 
of the plant. If a truly natural classi- 
fication of plants, rather than of their 
individual organs or parts, is to be attained 
it must be based upon the analysis and 
harmonization of summations of evidence. 
This is due to the fact that trends of 
evolutionary specialization in different 
organs, tissues and parts commonly are 
not closely synchronized. The flower or 
one of its constituents may be changing 
rapidly at a time when the vascular 
tissues of the stem and root exhibit mor- 
phological stability or vice versa. Thus, 
the inclusion of primitively vesselless 
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dicotyledons in a separate order, viz. the 
Homoxyles as suggested by Van Tieghem, 
proves to be unnatural and unsatisfactory 
when evidence from the flower, fruit and | 
leaf is taken into consideration. 

Another abuse of anatomical data is the | 
assumption that similarities in structural 
specialization are indicative of relatively 
close relationship. Such an assumption 
is unreliable since it overlooks the now 
well-established fact that similar or iden- | 
tical trends of specialization of the vas- | 
cular tissues have occurred quite independ- | 
ently in many different dicotyledonous | 
families. Owing to this fact, evidence | 
froin the vascular tissues, by itself, proves 
to be more significant in negations than in 
affirmative conclusions. In other words, 
although it is impossible to derive primi- 
tive forms of xylem from highly special- 
ized ones, close structural similarities may 
be due to parallel or convergent evolution 
rather than to close genetic relationship. 
Therefore, except in the case of negations, 
anatomical data in general can lead to 
reliable conclusions regarding classifica- 
tion only when supported by comprehen- 
sive corroborative evidence from other 
parts of the plant. 

An additional and very common abuse 
of anatomical data, in dealing with both 
living plants and fossils, is the conscious 
or subconscious assumption that a single 
sample of an organ or tissue affords 
reliable diagnostic criteria in the charac- 
terization and identification of a species 
or even a genus. It is significant in this 
connection that comparatively little is) 
known regarding the ranges of variability 
of anatomical characters in different parts 
of individual plants and in different in- 
dividuals of the same species grown under 
widely varying environmental conditions. 
What work has been done along these 
lines in recent years indicates that such 
ranges of variability may be more or less! 
extensive and cannot be ignored in dealing | 
with the identification and classification 
of species and genera, although they are! 
less significant in discussing the relation- 
ships of larger groupings such as sub- 
families, families and orders. 

If comprehensive summations of evi- 
dence from all parts of the plant ( includ- 
ing embryological, cytological, histological 
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and anatomical data) are indispensable 
in attaining a truly natural classification 
of plants, and assuming that such a classi- 
fication, when attained, will prove to be of 
significant utility, there are many practical 
difficulties that deserve attention. The 
most serious of these is the difficulty of 
obtaining material suitable for micro- 
scopic study and from plants whose iden- 
tity is capable of subsequent verification. 
At present, herbarium specimens, bearing 
a collectors name and number, provide 
the only extensive potential source of 
accurately identifiable material. Even 
in the case of woods and other economic 
products only a beginning has been made 
in assembling special collections with 
herbarium vouchers. Failure to preserve 
such vouchers in the past makes uncertain 
and unverifiable much of the morpho- 
logical literature, particularly that con- 
cerning species and even genera. 
Obviously the amount of material that 
can be removed from herbarium specimens 
without excessive damage is limited, and 
the uses to which it can be put are highly 
circumscribed. However, much can be 


4) accomplished, particularly in dealing with 


orders, families and subfamilies by the 
use of improved techniques with pollen, 


‘ and the less perishable, internal parts of 


% flowers, fruits, leaves and stems. 


For- 


wt tunately, the tracheary tissue is relatively 


+ well preserved in herbarium specimens 
4 and has made possible our present com- 
: prehensive knowledge of tracheids, vessels 


ul and fibres in the angiosperms as a whole. 
4 Thus, the vesselless character of Trocho- 


| dendron and Tetracentron, 
#» genera and many species of the Wintera- 


of various 


ceae, and more recently of Amborella in 
the Monimiaceae and of Sarcandra in the 


_ Chloranthaceae was first observed in her- 
, barium specimens and only subsequently 


was verified by the examination of supple- 


: , mentary material of the stem and root. 


i , Unfortunately, herbarium specimens do 
_) not provide a satisfactory basis 
) developmental investigations or for the 


for 
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study of the range of variability of 
anatomical characters in different parts 
of a plant. Therefore, even under 
favourable circumstances, significant data 
obtained by a comprehensive reconnais- 
sance of herbarium specimens must usual- 
ly be supplemented by evidence from 
specially collected and preserved material. 

If accurately identifiable material of the 
latter kind must be obtained in larger 
volume in the future, how can it be ac- 
quired and maintained most efficiently ? 
The only practical solution appears to me 
to be more extensive and active co-opera- 
tion between systematists and workers in 
other botanical disciplines. Most insti- 
tutions are facing serious financial and 
other difficulties in adequately caring for 
libraries, herbaria and other types of 
rapidly expanding collections. To expect 
or request herbaria to acquire and house 
miscellaneous parts of every plant from 
which an herbarium specimen is collected 
would be presumptuous and impracti- 
cable. The most that may be anticipated 
is that herbaria will agree to house her- 
barium specimens of plants upon which 
significant botanical investigations are 
being based, and to assist specialists in 
obtaining accurately identifiable material. 
A promising beginning has already been 
made in this direction in the case of woods, 
the herbarium vouchers for which are now 
being preserved and cared for by a num- 
ber of herbaria. 

Although much broadened outlooks are 
needed in all botanical specialities, it is 
inadvisable in most cases for a single 
investigator to attempt, unassisted, to 
cover all of the diversified taxonomic, 
cytological, embryological, anatomical, 
geographical, palaeobotanical and other 
aspects in a monographic treatment of a 
genus or family. Specialization and 
diversification of techniques and methodo- 
logies have progressed so far that co- 
operation and teamwork among different 
types of specialists are now the only 
practical solution. 


THE EMBRYO SAC OF SALIX 


P. MAHESHWARI AND S. K. ROY ‘ 
University of Delhi, India 


In 1897 Chamberlain gave an account 
of the life history of Salix in which the 
development of the male and female 
gametophytes is described in considerable 
detail. However, Chamberlain makes a 
number of dubious statements some of 
which are mentioned below: 

(i) “ The macrospore invariably has its 
origin in a hypodermal cell at or near the 
apex of the nucellus.” (Here he pro- 
bably means the megaspore mother cell 
rather than the megaspore.) 

(ii) “ The further development of the 
macrospore mother cell presents more 
important variations. Almost always it 
divides into two cells, a smaller one nearer 
the micropyle, and the larger one which 
becomes the fertile macrospore. The 
smaller cell either undergoes transverse 
division, thus giving rise to two potential 
macrospores, or it does not divide at all.” 

This would indicate that the embryo 
sac develops from the lower dyad cell and 
is, therefore, bisporic, but Chamberlain 
soon goes on to say that “in a case like 
Fig. 17 there is a possibility that the two 
smaller ceils may have been cut off in 
succession from the larger cell”. In this 
case the embryo sac would of course be 
monosporic. However, Chamberlain in- 
creases the confusion by immediately 
adding that “sometimes the macrospore 
mother cell does not divide but develops 
directly into the macrospore”’. According 
to this statement the embryo sac would 
be tetrasporic. 

(ii) “ It is very common to find the 
whole egg apparatus bursting through the 
apex of the nucellus into the micropyle. 
The pointed ends of the synergids and 
sometimes the entire egg apparatus are 
thrust out through the wall of the macro- 
spore.” 

(iv) Sometimes the synergids persist 
even after the embryo has already attained 
the well-known spherical stage. 


According to an earlier paper by 
Jonsson ( 1879-80 ) the development of the | 
embryo sac of Salix is of the monosporic 
eight-nucleate type and this has been | 
confirmed by Häkansson (1929). At | 
the same time Graf (1921) records an | 
embryo sac of the Allium type in the 
genus Populus belonging to the same 
family Salicaceae. 

Owing to these disparities between the 
accounts of Chamberlain, jönsson and | 
Hakansson and the reported occurrence 
of an Allium type of embryo sac in another 
member of the family, Populus, the senior 
author collected some material of Salix 
(an unidentified hybrid species) from 
Notre Dame, Indiana, during his visit to 
the U.S.A. in 1945-47; another collection 
of S. letolepis was made from Los Angeles; 
and a third of S. tetrasberma was very 
kindly made at his request by Mr. R. Khan 
from Aligarh, by Mr. S. P. Singh from | 
Agra, and by Mr. B. Tiagi from Ajmer. 
In addition Prof. O. Hagerup of Copen- 
hagen gave him, in July 1950, a consider- 
able amount of embedded material of 
S. cinerea, S. pentandra and S. discolor. 

Although all of these materials have 
not yet been sectioned, the conclusions | 
arrived at from the slides already prepared 
are clear and unmistakable and are briefly 
mentioned below. 

The archesporial celi cuts off a wall cell 
so that the megaspore mother cell is never 
hypodermal. The first meiotic division 
is followed by wall formation and the cell- 
plate is laid down in the upper part of the | 
cell so that the lower dyad cell is much 
larger than the upper (Fig. 1). The 
second division follows (Fig. 2). The 
spindle is often obliquely oriented in the 
upper cell but whatever its position, a 
clear tetrad of megaspores is always 
formed ( Fig. 3). There was no evidence 
whatever of the functioning of a lower 
dyad cell or of a megaspore mother cell 
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directly giving rise to the embryo sac. 
In fact the non-functioning megaspores 
can often be recognized even at the two- 
nucleate stage (Fig. 4). 

The mature embryo sac is eight-nu- 
cleate. We are in agreement with Cham- 
berlain about the ephemeral nature of the 
antipodal cells and the same is also true 
of the synergids as can be seen from 
Fig. 5. In no case were the synergids 
found to persist during embryo develop- 
ment, but an endosperm nucleus embedded 
in dense cytoplasm is frequently seen on 
either side of the embryo and may perhaps 
be mistaken for a synergid nucleus 
(Fig. 6). That such a deception is not 
improbable is evident from the fact that 
even during comparatively recent years 
Rutgers (1923) misinterpreted a micro- 
pylar accumulation of endosperm nuclei 
for a free nuclear embryo (see Puri, 1941 ) 
and Joshi (1935, 1936) confused a 
similar accumulation with a multi-nucleate 
“synsynergid ”’. 

We are also unable to confirm Cham- 
berlain’s statement that the egg and 
synergids may be forced out of the wall 


of the embryo sac. It is true that the | 
upper portion of the nucellus disinte- | 
grates so that the tip of the embryo sac | 
comes in direct contact with the inner | 
layer of the integument but the cells of | 
the egg apparatus (synergids are often | 
degenerated at this stage) remain in | 
position and can be recognized as such 
without any difficulty (Fig. 5). 

The question as to whether Populus 
has an embryo sac of the Allium type as 
reported by Graf (1921) or one of the 
Polygonum type as in Salix must for the 
present remain undecided. 


Conclusion and Summary 


The embryo sac of Salix is of the mono- 
sporic eight-nucleate type. Chamberlain’s 
interpretation of the occurrence of Allium | 
and Adoxa types is not confirmed. The 
synergids are ephemeral and are usually 
not recognizable in post-fertilization 
stages. The micropylar part of the 
nucellus degenerates so that the tip of the 
embryo sac comes to lie in contact with 
the integument. 
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CONTRIBUTIONS TO THE EMBRYOLOGY OF THE 
LILIACEAE. V — LIFE HISTORY OF AMIANTHIUM 
MUSCAETOXICUM WALT. 


A. M. EUNUS 


University of Dacca, E. Pakistan 


Amianthium muscaetoxicum is a member 
of the subfamily Melanthioideae which 
includes approximately 40 genera. The 
genus Amianthium is monotypic and is 
placed under the tribe Veratreae of which 
the following representatives have been 


1, studied so far: Veratrum album (Stenar, 


1928), V. maackii and V. album (Ono, 
The embryo sac is of the Poly- 


Helobial type. The antipodal cells be- 
come multinucleate and in V. album their 
number increases to six. Practically no 
work has been done so far on Amian- 
thium except for a brief statement by 
Wunderlich ( 1936) that its pollen grains 
are quite large and the generative nucleus 


. is situated close to the wall of the pollen 


grain. 
The material for this investigation was 
Prof. P. Maheshwari in 


Botanical Garden, New York, during his 


| American tour of 1945-47 and handed over 


to me for the study. The customary 
methods of dehydration and embedding 
were followed. Young seeds were treated 
with hydrofluoric acid in 50 per cent 
alcohol to soften the seed coat. Sections 
were cut at a thickness of 8-10 u for 
younger stages and 12-16 u for older 
stages. Staining was done in Heiden- 
hain’s iron-alum haematoxylin and also 


| in safranin fast green. 


Flower 


The flower is dichlamydeous, trimerous, 


‘ actinomorphic, bisexual and hypogynous. 
| There are six free perianth lobes in two 


whorls, the outer three being imbricate 


! and larger than the inner which are 


valvate (Fig. 1). The cells of the outer 
and frequently of the inner epidermis 
contain a substance which stains red with 
safranin. Serial sections of the gynoecium 
passing from above downwards show that 
the three styles are free above (Fig. 4) 
but show a tendency towards fusion at the 
base (Fig. 5). A section through the 
upper part of the ovary shows a complete 
infolding and fusion of the three carpellary 
margins resulting in a trilocular condition 
( Fig. 6) with the ovules borne on axile 
placentae (Fig. 7). Further down, the 
margins of carpels meet only laterally 
and the placentation becomes parietal 
(Fig.8). Finally at the base of the ovary, 
the carpellary margins separate still fur- 
ther and the placentation appears marginal 
(Fig. 9). Thus, depending upon the 
extent to which the carpellary margins 
have infolded and joined laterally, a cor- 
responding variation is also exhibited in 
the type of placentation. 


Microsporogenesis and Male 
Gametophyte 


The anther is four-lobed. There are 
two middle layers and an endothecium 
between the epidermis and the tapetum 
(Fig. 10). The endothecium acquires 
the usual fibrous thickenings. The inner 
middle layer shows signs of disintegration 
with the beginning of the heterotypic 
division of the microspore mother cells 
but the outer persists until a late stage 
when the pollen grains are two-celled 
(Fig. 12). The tapetum is glandular; 
its cells are uninucleate at first but later 
become binucleate. The reduction divi- 
sions in the microspore mother cells are 
successive and result in the formation of 
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isobilateral tetrads. The microspores in- 
crease appreciably in size soon after their 
separation. The nucleus shifts towards 
the wall and divides to produce a smaller 
generative cell and a larger vegetative 
cell. The mature pollen grain has a 
thick smooth exine and a comparatively 
thin intine (Fig. 11). 


Fics. 1-9 — Fig. 1, t.s. flower bud. x 50. Fi 


black circles) inside the ovary. x 50. Fig. 3, 


x 1684. Figs. 4-9, serial cross sections of the gynoecium from apex to base. x 80 
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A noteworthy feature is the presence of 
intracarpellary and intraovarial pollen 
grains. Fig. 2 is a longitudinal section of 
the gynoecium with several pollen grains 
inside the ovary. A careful study of 
serial sections of this ovary indicated the 
presence of as many as 165 pollen grains. 
On comparing their size and nuclear 


19512) 


contents with those of pollen grains from 
the anther, it was clear that they belonged 
to the same species ( Figs. 3, 11). 

The occurrence of pollen grains in the 
stylar canal and ovary of an angiosperm 
was first recorded by Johri (1936) in 
Butomopsis lanceolata. He also observed 
some pollen grains in the ovary of Butomus 
umbellatus and since then a similar pheno- 
menon has been reported in Moringa 
oliefera (Puri, 1940), Erythronium ame- 
ricanum ( Haque, 1951 ), Ottelva alismoides 
(Islam, 1950), Fritillaria pudica ( Eunus, 
1951), F. liliacea ( Agrawal, 1950), Tril- 
lium erectum, T. sessile and T. grandiflorum 
Mob & Eunus, 1950). In the last- 
named species some pollen grains were 
also found to germinate inside the ovary 
as well as in the intercellular spaces of the 
tissue comprising the ovarial wall. How- 
ever, the mechanism by which the pollen 


Fics. 10-12 — Fig. 10, part of anther lobe 


showing epidermis, endothecium, two middle 
layers, binucleate tapetum and _ microspore 
mother cells. x 558. Fig. 11, pollen grain 
at two-celled stage. x 1684. Fig. 12, portion 


+ of mature anther showing epidermis, fibrous 


| endothecium, 


outer middle layer and pollen 


grains. X 558. 
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grains reached the stylar canal or ovary 
or the inside tissue of the ovary wall is 
not clear. Regarding the condition in 
Butomopsis, Sahni ( 1936) remarks: “ It 
seems impossible to explain the entry of 
these spores, even into the upper part of 
the canal, except on the assumption that 
they were drawn in by some sort of suction 
mechanism like that of the stigmatic drop 
of gymnosperms, the stylar canal function- 
ing like a micropyle.” 


Ovule 


There are 8-12 anatropous, crassi- 
nucellate and bitegmic ovules in each 
carpel although only one develops into a 
seed. Only the inner integument forms 
the micropyle. The outer integument is 
two-layered above but 4-5 layered towards 
the base. After fertilization it elongates 
and encloses the inner integument. The 
latter is two-layered but its tip is swollen 
and later forms an “ operculum”’. Ovules 
having more than one megaspore mother 
cell were found to be broader than the 
others. The cells of the nucellar epidermis 
undergo both periclinal and anticlinal 
divisions to form a secondary parietal 
tissue consisting of two layers of cells 
lying immediately above the primary 
parietal cell cut off by the hypodermal 
archesporial cell. Unlike the condition 
in other members of this subfamily only 
a small portion of the nucellus is destroyed 
by the enlarging embryo sac. 


Megasporogenesis and Female 
Gametophyte 


There is usually a single hypodermal 
archesporial cell which is distinguishable 
from the rest of the nucellar cells by its 
larger size and different staining reaction. 
Occasionally two archesporial cells are 
also met with. Figs. 15 and 16 represent 
successive sections of the same nucellus 
showing two megaspore mother cells lying 
side by side. 

Fig. 13 shows an archesporial cell in 
metaphase. At the end of this division 
a megasore mother cell and a parietal 
cell are formed (Figs. 14, 15). The lat- 
ter undergoes an anticlinal division ; the 
two cells thus produced show signs of 


Fics. 13-29. Fig. 13, archesporial cell at metaphase. x 494. Fig. 14, megaspore mother cell witha 


wall cell. x 494. Figs. 15, 16, two successive sections of the same nucellus showing one megaspore | 


mother cell in each. x 494. Fig. 17, archesporial cell directly 
cell. x 494. Fig. 18, two dyad cells formed after Meiosis Ik 


functioning as megaspore mother 
x 658. Fig. 19, the lower dyad 


cell at telophase. x 658. Fig. 20, linear tetrad of megaspores; the lowest is functional. x 658. 
Fig. 21, binucleate embryo sac. x 658. Fig. 22, four-nucleate embryo sac. x 658. Fig. 23% 


eight-nucleate embryo sac showing antipodal cells before the or 


ganization of the egg-apparatus. # 


x 658. Fig. 24, mature embryo sac with polars fused. Fig. 25, two embryo sacs present in 
same nucellus, one is fully organized and the other is four-nucleate. x 823. Figs. 26, 27, increase 
in number of antipodal cells and increase in number of nuclei in individual antipodal cells. Fig. 26, 
x 823 and Fig. 27 x 658. Figs. 28, 29, Antipodal cells assuming peculiar shapes. x 987. 
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| degeneration as the embryo sac enlarges 
and finally disappear completely. Some 
| times the primary archesporial cell is 
| seen to function directly as the megaspore 
mother cell ( Figs. 16, 17). Archesporial 
cells of Hemerocallis fulva, Polygonatum 
commutatum, Mediola verginica, Smilacina 
amplexicaulis, S. racemosa, S. stellata (Mc 
Allister, 1914) and Ophiopogon wallichia- 
nus ( Maheshwari, 1934) behave in similar 
fashion. In Metanarthecium  luteo-virde 
(Ono, 1929), Tricryrtis hirta (Ikeda, 
1902 ; Ono, 1929 ) and Gloriosa ( Afzelius, 
1918 ; Eunus, 1949 ) the archesporial cell 
normally functions directly as the megas- 
pore mother cell. In Zygadenus elegans, 
Veratrum album (Stenar, 1928) and V. 
maackii ( Ono, 1929), on the other hand, 
the archesporial cell is reported to cut off 
‘| a wall cell. 
The nucleus of the megaspore mother 
§ cell is situated towards its upper end 
N (Figs. 15, 16, 17). Consequently the 
| lower dyad cell is larger than the upper 
| (Fig. 18 ) and sometimes it is the only one 
! which undergoes the second division, thus 
# resulting in a row of three cells ( Fig. 19 ). 
} Usually, however, the upper dyad cell also 
divides although this division is invariably 
‘ irregular and incomplete. Cases are met 
\ with where no wall is formed between the 
daughter nuclei. The upper megaspores 
generally remain obliquely arranged ( Fig. 
20). As already mentioned two mega- 
NX spore mother cells are occasionally met 
| with; these may develop further and form 
| megaspores. In consequence double and 
! triple embryo sacs are formed although 
| all may not reach the mature stage. Fig. 25 
shows two superposed embryo sacs, one at 
the four-nucleate and the other at the 
eight-nucleate stage. 
The chalazal megaspore functions ( Fig. 
'1 20). It enlarges appreciably before divi- 
| sion and small vacuoles appear in the 
| protoplast which subsequently unite to 
«form a large centrally placed vacuole 
«) separating the two daughter nuclei ( Fig. 
'}21). These nuclei by two further divi- 
') sions produce an eight-nucleate embryo 
i sac ( Figs. 22-24 ) conforming to the Poly- 
i gonum type (Maheshwari, 1950). In 
the mature embryo sac the synergids are 
“| pyriform with the nucleus situated above 
"land the vacuole below. They exhibit a 
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filiform apparatus. The egg is pear- 
shaped. The secondary nucleus is usually 
situated in the lower part of the embryo 
sac. 

The three antipodal cells are formed 
before the organization of the egg appa- 
ratus and polar fusion ( Fig. 23). At first 
they are comparatively vacuolate but later 
the cytoplasm becomes much denser. The 
nucleus divides resulting in a binucleate 
and quadrinucleate condition (Figs. 25- 
29). Subsequently walls appear between 
some of the nuclei resulting in an increase 
in the number of cells (Figs. 26, 27). 
Fig. 26 shows four antipodal cells, two 
with four nuclei each and the other two 
only with two nuclei. They show peculiar 
shapes ; some appear horse-shoe shaped, 
wedge-shaped, crescent-shaped and even 
pyriform (Figs. 26-29). After fertiliza- 
tion they lose their conspicuous nature 
and disintegrate and disappear during the 
early development of the endosperm and 
embryo. 

Increase in the number of nuclei in the 
antipodal cells is frequent in the sub- 
family Melanthioideae. In Gloriosa super- 
ba ( Eunus, 1949), Heloniopsis breviscapa 
(Ono, 1926), Veratrum album and V. 
maacki (Ono, 1929) the antipodals 
become binucleate. In Veratrum there 
is also an increase in the number of the 
antipodal cells. In Veratrum album and 
Zygadenus elegans (Stenar, 1928) there 
are six binucleate antipodal cells. 


Endosperm 


The endosperm is of the Helobial type. 
The primary endosperm nucleus, which is 
situated in the chalazal region of the 
embryo sac, divides earlier than the 
oospore. The first division of the primary 
endosperm nucleus results in the formation 
of two chambers of which the micropylar 
is much larger than the chalazal. Free 
nuclear divisions take place in both the 
chambers but more rapidly in the micro- 
pylar chamber. Fig. 30 shows an early 
stage in endosperm development where 
the micropylar chamber is binucleate and 
the chalazal uninucleate. Fig. 31 shows 
a later stage where 16 nuclei are seen in 
the micropylar chamber and 8 in the 
chalazal. Further divisions occur mainly 
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in the upper chamber only. A similar 
type of endosperm development has also 
been reported in Veratrum maackiu, V. 
album, Tofieldia japonica, T. calyculata, 
Narthecium asiaticum, Metanarthecium 
luteo-virde (Ono, 1929), Veratrum album 
(Stenar, 1928; Ono, 1929) and Helo- 
niopsis breviscapa (Ono, 1926). In the 
two last-named species, wall formation 
takes place in the chalazal chamber also. 
In Tricyrtis hirta (Ikeda, 1902; Ono, 
1929), T. latifolia, Colchicum antumnale 
( Ono, 1929 ) and Gloriosa superba ( Eunus, 
1949 ) the endosperm is of the nuclear type. 


Embryo 


The first division of the fertilized egg 
is transverse and results in the formation 
of a large basal cell and a small terminal 
cell (Fig. 32). As a result of one more 
transverse division a three-celled pro- 
embryo is formed (Fig. 33). Since no 
mitotic figures were seen it is difficult to 
say whether it is the basal or the apical 
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cell that divided to produce this stage. 
A vertical wall is next laid down in the 
terminal cell and the daughter cells under- 
go one more division at right angles to 
the first, resulting in the quadrant stage 
( Fig. 34). 


Summary 


1. The wall of the anther consists of an 
epidermis, a fibrous endothecium, two 
middle layers and a binucleate tapetum 
of the glandular type. The outer middle 
layer persists even after the disintegration 
of the tapetum. 

2. Microspores are formed by success- 
ive divisions and are arranged in iso- 
bilateral tetrads. The mature pollen grain 
is 2-celled. 

3. Depending upon the extent to which | 
the carpellary margins have fused, a 
corresponding variation is noticed in the 
type of placentation. Thus the same 
ovary shows axile placentation at the 
apex, parietal in the lower portion and 


Fics. 30-34 — Fig. 30, embryo sac showing persistent synergids, fertilized egg, two endosperm 


nuclei in the micropylar chamber and one in the chalazal. 


x 336. Fig. 31, embryo sac showing 


Helobial endosperm with sixteen free nuclei in the micropylar and eight in the chalazal chamber, 


oospore still undivided. x 336. 


Fig. 32, two-celled proembryo. 


x 900. Fig. 33, three-celled 


proembryo. x 900. Fig. 34, terminal cell of three-celled proembryo divided vertically. x 900. 


1951] 


marginal at the base. The styles are 
free and have hollow stylar canals. Pollen 
grains are sometimes found even inside 
the ovary. 

4. The ovules are anatropous and bi- 
tegmic. There is usually a single arche- 
sporial cell; sometimes two are met 
with in the same nucellus. The archespo- 
# cell may or may not cut off a wall 
cell. 

5. Megasporogenesis proceeds normally 
and the development of the embryo sac 
conforms to the Polygonum type. Some- 
times the second division in the upper 
dyad cell does not take place. 

6. The synergids are pyriform and show 
a filiform apparatus. The three antipodal 
cells are at first uninucleate but their 
nuclei divide with the result that each 
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antipodal cell becomes binucleate or even 
quadrinucleate. They acquire peculiar 
shapes and there is an increase in their 
number. 

7. Occasionally double and triple em- 
bryo sacs are formed inside the same 
ovule. 

8. The endosperm is of the Helobial 
type. 


_ It is a great pleasure to acknowledge my 
sincere gratitude to Prof. P. Maheshwari for 
his guidance and criticism throughout the 
course of this study. I am also thankful 
to Drs. B. M. Johri and K. Subramanyam. 
To the authorities of the University of 
Delhi I am grateful for allowing me the 
use of their laboratories where a part of 
this work was carried out. 
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DEVELOPMENT OF THE EMBRYO IN SOME MEMBERS 
OF THE PAPILIONACEAE 


M. ANANTASWAMY RAU 


Central College, Bangalore, India 


The family Leguminosae has long been 
an object for embryological studies on 
account of the considerable variation 
that exists in the mode of embryonal 
development and the organization of 
the suspensor among its members. Guig- 
nard (1882) gave a very detailed account 
of the modifications of the suspensor and 
during recent years Souéges has published 
a number of papers on the Papilionaceae. 
Maheshwari (1950) has reviewed the im- 
portant literature in this connection. 
Since the publication of his book, Souéges 
(1950a, b) has described the course of 
development of the embryo in Psoralea 
bituminosa L. and Phaseolus vulgaris L. 
The present writer has studied Trigonella 
foenum-graecum (1950b) and Aeschyno- 
mene indica (in press) and described the 
organization of the suspensor in some 
species of Crotalaria ( 1950a). This paper 
includes an account of the embryogeny 
of the following species of the Papiliona- 
ceae: Rothia trifoliata Pers. (Genisteae), 
Sesbania aegyptiaca Pers., Sesbania grandi- 
flora Pers. (Galegeae) and Vigna catjang 
Endl. ( Phaseoleae ). 

The material was collected in Mysore 
and fixed in formalin-acetic-alcohol. 
The sections were stained in Heiden- 


hain’s iron-alum haematoxylin. Safran- 
in-fast green was used for staining 
the older stages of the embryo in 
Sesbania. 

Observations 


ROTHIA TRIFOLIATA— The fertilized egg 
(Fig. 1) divides transversely to form 
the two-celled proembryo (Fig. 2). 
The apical cell ca divides again by a 
transverse wall resulting in the two 
superposed cells cc and cd (Fig. 3). A 
vertical division then takes place in the 


basal cell cb. The four-celled embryo 
formed in this manner (Figs. 4,5) con- 
forms to the category, C,, of tetrads in 
the system of embryogenic classification 
of Souèges. The terminal cell cc under- 
goes a transverse division resulting in the 
formation of ce and cf. At the same time 
a vertical division in cd brings about the | 
formation of a second tetrad of the cate- | 
gory C, (Fig. 12). Exceptionally, how- : 
ever, the terminal cell cc might first undergo 
a vertical division ( Figs. 10, 11 ) followed 
by transverse divisions resulting in the 
quadrant stage. In any case, the quad- 
rants are disposed in two tiers of two 
cells each (Fig. 15). The two cells 
derived from cd also undergo transverse 
divisions which result in the formation 
of a group of four cells of which the pair 
situated towards the quadrants take part 
in the organization of the hypophyseal 
region and the other pair contributes to 
the suspensor ( Figs. 13-17). In the mean 
time, transverse and oblique divisions in 
the two cells derived from cb result in the : 


formation of a group of cells which form ff 


part of the suspensor ( Figs. 9-11, 14-17). | 
The quadrants, by further longitudinal | 


walls, organize the octants ( Figs. 19-21) | 


and the subsequent stages in the develop- 
ment of the embryo are represented in | 
Figs. 22-26. These show the organiza- 
tion of the suspensor which consists of 
many bulbous cells which are derived from | 
the cell cb and also from a portion of cd. ! 
The embryo proper, which is derived from | 
the apical cell ca and a portion of cd, : 
shows in later stages the prominent | 
hypophysis region and the hypocotyledo- 
nary and the cotyledonary zones ( Figs. 
24-26). The root cap is organized in | 
due course. The fully developed embryo | 
along with the suspensor is represented in 
Figs. 27 and 28. 
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! and 7’, octants; Ah, derivative of 
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SESBANIA AEGYPTIACA — In Sesbania 
aegyptiaca, the apical cell ca and the 
basal cell cb of the two-celled proembryo 
(Fig. 29) by oblique divisions form 
a group of four cells corresponding to 
category B, of Souéges. The two cells 
derived from ca divide to give rise to 
quadrants which are generally disposed 
in a tetrahedral manner. One of these 
four cells (e), which is towards the sum- 
mit, functions as the epiphysis initial 
(Figs. 38-44). The two cells derived 
from the basal cell give rise to a group of 
cells forming the suspensor ( Figs. 38-49 ). 
Figs. 44-48 show the further divisions 
in the quadrants. These are mostly 
oblique and it is rather difficult to make 
out any regular sequence. However, in 
due course the layer #’ is differentiated 
( Fig. 44) which, by transverse divisions, 
gives rise to » and phy and these function 
as the hypophyseal and hypocotyledonary 
zones respectively. The cotyledonary por- 
tion is also differentiated and the epi- 
physis ultimately gives rise to the funda- 
mental regions of the stem. It is to be 
noted that the suspensor is derived solely 
from the divisions of the basal cell and 
the apical cell contributes wholly to the 
embryo. 

SESBANIA GRANDIFLORA — The general 
course of development of the embryo in 
Sesbania grandiflora follows closely that 
of S. aegyptiaca described before ( Figs. 
56-71). Only the suspensor is more 
elaborately organized and consists of 
enlarged cells which bulge into the neigh- 
bouring endosperm tissue and actively 
absorb nutritive materials from it. Some 
of the suspensor cells may even assume a 
tubular appearance. 

VIGNA CATJANG — The two-celled pro- 
embryo (Fig. 72) by a transverse divi- 
sion in the basal cell and a longitudinal 
division in the apical cell ( Figs. 73-75 ) 
forms a tetrad of the category A, ( Fig. 
75). Each of these four cells divides 
again so that the terminal tier now 
comprises the quadrant cells q (Fig. 
80). The middle cell m divides either 
by a transverse or a vertical wall, and 
the basal cell ci divides transversely 
(Figs. 77-81). The further divisions 
in the quadrants are by vertical or 
diagonal walls. At the same time m gives 


rise to a group of four cells of which the : 
pair just above the quadrants gives rise} 
to the hypophyseal region and the other‘ 
two contribute to the formation of the) 
suspensor (Figs. 82-86). The further) 
divisions in the derivatives of ci are either‘ 
transverse or oblique and a long suspensor | 
is organized in due course ( Figs. 87-92 ).| 
The derivatives of m also divide many 
times resulting in the formation of ak 
massive zone so that it becomes difficult! 
to identify the actual limits of the hypo-'# 
physis ( Figs. 92, 93). By this time the! 
suspensor grows out of the limits of they 
inner integument and comes to lie in the: 
region of the outer integument. | 


Conclusion and Summary 


The embryo of Rothia trifoliata shows} | 
certain variations from the course oflf 
development described in the other specie i| 
of the tribe Genisteae. In Ulex, Genistali 
and Sarothamnus, the development followst 
closely that of Trifolium minus (Tri | 
folieae ), the basal cell of the two-celled} 
proembryo contributing solely to thes 
formation of the suspensor. In all these | | 
the first tetrad composed of the first four 
cells of the proembryo is of the categor | 
B,, whereas in Rothia it is of the C, type. 
Further, in Rothia the second tetrad, i.e 
the four cells derived from the apical cell 
of the two-celled proembryo, is also of the! 
C, type although exceptionally it may bei 
of the B, type. In the latter case, Rothia 
offers some resemblance with Melilotus 
which also has the first and second tetrads@ 
of the C, and B, categories respective 
ly. In Melilotus, however, the middle# 
cell cd of the three-celled proembrya 
contributes solely to the formation of 
a portion of the suspensor, whereas i 
Rothia cd gives rise partly to the hypo- 
physeal region and partly to a portion 
of the suspensor. | 
The two species of Sesbania investigated 
here closely follow the development des- 
cribed by Souéges (1929) for Trifolium 
minus. In both cases the basal cell of the 
two-celled proembryo contributes entirel | 
to the formation of the suspensor and the 
apical cell to the embryo proper. The 
chief difference is that in Sesbania the 
suspensor cells become greatly enlarged 
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and bulbous. Sesbania differs from the 
other investigated species of the tribe 
Galegeae, viz. Galega officinalis and Psora- 
lea bituminosa ( Souéges, 1949a, 1950a ). 
In Galega the apical cell of the two-celled 
proembryo contributes to a small portion 
of the suspensor, and in Psoralea the basal 
cell gives rise to the hypophyseal region 
of the embryo. In Tephrosia there arises 
a long biseriate suspensor with many tiers 
of cells (own observation ). 

The development of the embryo of 
Vigna catjang is comparable in its earlier 
stages to that of Phaseolus vulgaris, 
recently studied by Souéges (1950b ). 
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The middle cell of the three-celled pro- | 
embryo, derived by a transverse division | 
of the basal cell, contributes partly to the 
hypophyseal region and partly to a portion | 
of the suspensor. In Glycine soja, the 
other species of the tribe Phaseoleae | 
studied by Souèges (1949b), the first 
tetrad is of the B, category but even here 
the basal cell gives rise to the hypophyseal 
region of the embryo. 
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THE MALE AND FEMALE GAMETOPHYTES OF 


ANGIOSPERMS — AN 


INTERPRETATION 


E. BATTAGLIA 
Department of Genetics, McGill University 


| Consideration of Theories of Embryo 


Sac Phylogeny 
The origin of the embryo sac remains 


| today one of the outstanding problems 
| of Angiosperm evolution. There are three 
| fundamentally different theories on this 
| subject which will be presented and criti- 
| cized below. 


SCHURHOFF’S THEORY 


According to this theory (1919, 1926, 
1928 ) the egg apparatus of angiosperms 
is homologous to two archegonia and the 


' remaining nuclei (cells) are prothallial. 


The egg cell and one synergid constitute 


| the first archegonium (one synergid being 
& homologous to the ventral canal nucleus ). 


The other synergid and the upper polar 


‘y nucleus are considered to represent the 
- second archegonium. 


This interpretation must be abandoned 


| because cytological evidence exists that 
} the synergid nucleus and the egg nucleus 
| are not sisters, as postulated by Schür- 
| hoff's theory. 


PORSCH S THEORY, 


According to Porsch (1907) the embryo 
sac of angiosperms is derived by reduction 


| of the gymnosperm female gametophyte 
| to two archegonia. 


The prothallial tissue 
has completely disappeared, whereas the 
essential features of the archegonium as 


| present in most gymnosperms are still 
} maintained. Each quartet at micropylar 
| or chalazal end, therefore, constitutes one 


archegonium. The homologies are as 


| follows : egg cell with egg cell, two syner- 
| gids or two antipodals with two neck cells, 


and finally each polar nucleus with the 


i ventral canal nucleus. 


Porsch’s theory is well known and has 


À been followed by many authors ( Schnarf, 
11929, 1931, 1936 ; Nilsson, 1941 ; Swamy, 


1946, etc.). It has, however, been reject- 
ed by those authors who have studied 
the embryology of Gnetales ( Pearson, 
1909, 1915, 1929 ; Thompson, 1915, 1916, 
1918 ; Fagerlind, 1941 ; Maheshwari, 1948, 
etc). 

Porsch’s theory is based fundamentally 
on the following arguments: (1) homology 
of the last two divisions of the usual 
angiosperm embryo sac ( Normal type) 
with the two divisions in the formation of 
the gymnosperm archegonium (with two 
neck cells); (2) apparatus formation at 
the two ends of the embryo sac ; (3) the 
homology between polar nucleus and ven- 
tral canal nucleus, and fertilization of ven- 
tral canal nucleus in certain cases (i.e. 
Thuya, Ephedra, Abies, Pseudotsuga, etc.) ; 
(4) several cases of embryos arising from 
antipodals. 

These arguments should be examined 
critically. 

The homology presumed under (1) is 
contrary to numerous observations : 

(a) Each supposed archegonium in 
angiosperms is formed after nuclear divi- 
sion by the process of wall formation 
which occurs throughout the embryo sac. 

(b) The division of the primary neck 
nucleus and central nucleus is not general- 
ly synchronous in gymnosperms, even 
where only two neck cells are formed. 

(c) In Adoxa type embryo sac develop- 
ment ( polarization 2+2) the micropylar 
quartet results from a single division of 
two of the four spore nuclei. This 
division, according to Porsch, must be 
homologous to the first archegonial divi- 
sion. However, as a consequence of such 
a division, each micropylar nucleus would 
produce one synergid and one egg nuc- 
leus, resulting in two synergids and two 
eggs. In the tetrasporial gametophyte of 
Tulipa tetraphylla ( polarization 34-1) the 
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micropylar nucleiarise from asingle division 
of three spore nuclei ( Romanov, 1938 ). 
Finally, in Tulipa sylvestris ( polarization 
410) the eight micropylar nuclei arise 
from a single division of all four spore 
nuclei (Guignard, 1900; Bambacioni & 
Giombini, 1930). These two cases result 
in six and eight micropylar nuclei res- 
pectively. After wall formation one would 
expect a plurality of archegonia. How- 
ever, in each case two synergids, one 
functional egg and two polar nuclei are 
formed, and fertilization is normal. 

In certain species of Ulmus ( Shattuck, 
1905 ; Leliveld, 1935; Fagerlind, 1938b ; 
D’Amato, 1940a ; Ekdhal, 1941 ; Walker, 
1938, 1950) two different types of tetra- 
megasporial embryo sac development 
occur. These are the Adoxa type ( polari- 
zation 2+2, 8-nucleate) and Pyrethrum 
parthenifolium type (polarization 1-+3, 
or 1+1+1-+1, 16-nucleate or sub-types 
14-, 12-, etc.). For example, the Adoxa 
type is present in Ulmus fulva in 65 per 
cent of the embryo sacs ( Walker, 1950). 
It is known that in the Adoxa type the 
micropylar quartet arises from two spore 
nuclei after one division, whereas in the 
Pyrethrum parthenifolium type it arises 
from one spore nucleus after two divisions. 
In both cases a normal micropylar quartet 
is formed. Therefore, if the same result 
may be obtained equally well by one or 
by two divisions of spore nuclei, these 
divisions cannot have the phylogenetic 
significance assigned to them by Porsch’s 
theory. 

(d) In certain cases observed in angio- 
sperms the micropylar region contains 
only one synergid, but two eggs ( there is 
also a normal proendospermatic cell )!. 
In Rudbeckia laciniata, for example, in 
addition to this situation one also finds 
one synergid, one egg and one supernume- 
rary proendospermatic cell, or two eggs 
and a supernumerary proendospermatic 
cell ( Battaglia, 19474). In Plumbagella 
micrantha after the last division of the 
embryo sac the micropylar region contains 


1. After wall formation in the embryo sac not 
only synergids, egg and antipodals are separated, 
but also a large central cell containing the two 
polar nuclei. This cell has been named “ Cellula 
proendospermatica ”” by Chiarugi & Francini 
(1930 ). 


[ August | 


only two nuclei. Usually after wall forma- 
tion one egg and one polar nucleus are 
present, but occasionally only two eggs 
arise from the micropylar nuclei ( Boyes, 
1939, Fig. 47). A very exceptional situa- 
tion is sometimes observed in Rudbeckia 
laciniata. In these cases abnormal meiosis 
produces accessory micronuclei which may | 
be polarized in the micropylar region. 
Even in this case wall formation occurs in 
the micropylar region, producing an 
apparatus of normal form but reduced 
size ( Battaglia, 1947a, Figs. 53, 55-58 ). 
From the foregoing examples it is 
evident that the process of micropylar | 
apparatus formation is not dependent on | 
the number of divisions and the origin of 
nuclei. It is necessary to remember that 
wall formation is clearly dependent on 
the presence of nuclei, regardless of their 
origin or size. For these reasons it is 
not possible to find a parallelism with 
archegonium formation in gymnosperms. 
The author believes that the formation 
of the so-called micropylar apparatus is 
conditioned by the relative position of the 
nuclei at the time of wall formation. 
This “ position effect ’’ is very evident in 
the exceptional case of Plumbagella 
micrantha recorded above, where the two 
eggs formed are in corresponding positions 
in the embryo sac, and so similar that it 
is not possible to distinguish the super- 
numerary egg. 
The argument recorded under (2) above 
is countered by the following observations: 
(a) In all those cases in which the 
antipodal region contains more than four | 
nuclei, and especially in those containing 
a multiple of four (e.g. in Pyrethrum 
parthentfolium, Drusa oppositifolia, Pepe- 
romia hispidula, etc.), the absence of a 
plurality of organized apparati, such as 
would be expected according to Porsch’s | 
theory, is very significant. | 
_ (b) The so-called antipodal apparatus, 
in certain cases not very rare in angio-| 
sperms, is composed of only two cells, one 
of which is binucleate. No similar pheno- 
menon is recorded in the archegonia of 
gymnosperms. | 
(c) The multiplication of antipodal cells | 
( polyantipody) is a phenomenon for 
which no phylogenetic justification can 
be found in the development of true 
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archegonia of gymnosperms. In Echinacea 
purpurea (Rudbeckia purpurea), for ex- 
ample, the development of the embryo sac 
follows the Normal type. There are two 
antipodals, of which the superior is bi- 
| nucleate. There follows the simplest case 
of antipodal activity. The nucleus of the 
inferior ( uninucleate ) antipodal divides, 
| and this antipodal also becomes binucleate. 
| Following this, nuclear fusion occurs in 
(| both antipodals, producing a situation 
‘| apparently more simple than the initial 
| stage! In addition, the usual cases of 
‘| polyantipody should be noted, in which 
»| there is an actual multiplication of cells 
‘} and the presence of a polynucleate condi- 
i) tion followed by nuclear fusion. This 
|) process may be repeated. 

al It is clear that this nuclear activity 
has no counterpart in the archegonia of 
| gymnosperms. Therefore, those who ac- 
1} cept Porsch’s theory must consider it a 
| new phenomenon?. But this assumption 
| is contrary to the observation that most 
4h cases of polyantipody are found in embryo 
| 
| 


, sacs of the Normal type, which is con- 
sidered to be the primitive type by all 

4} embryologists. 

| (d) The term “ micropylar apparatus ”’ 

«1 in the sense of a cell complex specialized 
for a particular purpose ( fertilization ) is 


4h without justification, because regularly 
. one synergid is useless and also the total 
| absence of synergids is a regular situation 
| in certain cases, such as Plumbago and 
| Plumbagella. 

The above considerations of variability 
| of structure and a nuclear activity not 
| found in the archegonia of gymnosperms 
| are contrary to the supposed presence of 
| apparati at the two ends of the embryo sac. 
The homology assumed under (3) may 
|, be criticized as follows: 

(a) It is implicit in the assumption of a 
homology between the perpendicular rela- 
_} tionship of the spindles in the last division 

_of the embryo sac with that in the gymno- 
| sperm archegonium that the egg nucleus 
‚in angiosperms should be differentiated in 
the inverted position! This is also a 
* | valid criticism of (1). 


ML 2. To call polyantipody a secondary pheno- 
ill menon ( Schnarf, 1929), without being able to 
, demonstrate its origin, explains no more than 
5 the term “ new phenomenon ”’. 
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(b) The usual fate of the ventral canal 
nucleus is precocious degeneration. Rare- 
ly, the degeneration of this nucleus is 
retarded. Occasionally union of sperm 
and ventral canal nucleus has been re- 
ported in Thuya (Land, 1902), Abies 
balsamea (Hutchinson, 1915), Ephedra 
( Herzfeld, 1922; Khan, 1940; Mulay, 
1941, etc.), and Pseudotsuga taxifolia 
(Allen, 1943). This results in a brief 
mitotic activity, the products of which 
serve as nutrient for the embryo. The 
utilization of both sperms is considered 
by the author to be a consequence of the 
equal vitality, and therefore the same 
tendency for caryogamy with female 
nuclei, of the two sperms. 

(c) Certain authors have objected that 
there is no fusion of the two ventral canal 
nuclei in gymnosperms corresponding 
with the fusion of polar nuclei in angio- 
sperms. More significant for the author 
is the lack of fusion of two opposite 
archegonia in gymnosperms such as Porsch 
believed must have occurred to produce 
the actual angiosperm embryo sac. 

In conclusion, the difference in origin 
and fate of polar nucleus and ventral 
canal nucleus recorded above invalidates 
the hypothesis that these nuclei are 
homologous. 

Relative to (4), the significance of the 
origin of embryos from antipodals is 
changed if one considers the existence of 
embryos originating from synergids. This 
latter phenomenon would, according to 
Porsch’s theory, be equivalent to the 
development of embryos from neck cells, 
an unknown phenomenon ! 


THE GNETALEAN THEORY 


This theory does not assume the direct 
derivation of the angiosperm embryo sac 
from that of the Gnetales, but that re- 
duction of the female gametophyte ( em- 
bryo sac ) followed a more or less parallel 
course in Gnetales and angiosperms, lead- 
ing to complete loss of archegonia ( cf. 
Maheshwari, 1948). According to this 
author, four points are important as being 
common to both: (a) the presence of mono- 
sporic, bisporic or tetrasporic embryo sacs; 
(b) a tendency towards the reduction of 
the number of nuclei in the embryo sac ; 
(c) the total suppression of archegonia ; 
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(d) the development of endosperm preced- 
ed by nuclear fusion and postponed un- 
til after fertilization. Maheshwari consi- 
ders this Gnetalean theory only “as a 
working hypothesis, useful to stimulate 
further research, but without authority 
and entirely tentative ” (op. cit., p. 47). 
Fagerlind ( 1941) after studies in Gnetum 
species has expressed a similar opinion 
and has synthesized the homology be- 
tween Gnetum and angiosperms: “ Die 
Polkerne des Embryosacks sind die letzten 
Reste von im Gnetum-Makrogametophyten 
und in noch nicht fertigentwickelten 
Gymnospermen-Makrogametophyten vor- 
handenen freien Kernen. Die zentrale 
Vakuole des Embryosacks wird daher als 
der stets oder temporar vorhandenen 
zentralen Vakuole der Gnetum- und der 
Gymnospermen-Makrogametophyten ho- 
molog betrachtet. Die Zellgruppen im 
Embryosack werden als der zellularen 
“Schalenschiecht ’ bei Gnefum homolog 
betrachtet. Das Ei im Embryosack ist 
eine fertile ‘Schalenschichtzelle’, also 
ein in seiner Entwicklung gehemmtes 
Archegon. Die Antipoden entsprechen 
dem vegetativen Teil des Gnetum-Makro- 
gametophyten ”’ ( Fagerlind, 1941, p. 53 ). 


THE ARCHEGONIAL DISAPPEARANCE 
THEORY 


From the objections to Porsch’s theory 
it has been concluded that an archegonial 
homology between angiosperms and 
gymnospeims does not exist, that is to 
say, no archegonium is present in angio- 
sperms. This conclusion is strengthened 
by the fact that an archegonium is also 
absent in Welwitschia and Gnetum, two 
genera which occupy a systematic position 
between typical gymnosperms and angio- 
sperms. 

The usefulness of comparing the Gnetum 
embryo sac with the normal angiosperm 
embryo sac is obvious, and such a com- 
parison has been made by all embryo- 
logists of Gnetum (e.g. Pearson, 1905, 
1929 ; Thompson, 1916 ; Fagerlind, 1941 ). 
On this comparison the so-called Gnetalean 
theory is based (cf. Maheshwari, 1948 ). 
The author believes that in this way the 
comparison is limited to a single genus of 
Gnetales on the one hand, and the common 
case of angiosperm embryo sac on the 


other hand. However, it is desirable to 
consider the reduction of the female | 
gametophyte from the general case of | 
gymnosperms to angiosperms. 

The facts so far recorded clearly de- 
monstrate that the most significant evolu- 
tionary change from gymnosperms to 
angiosperms is the disappearance of the | 
archegonium, first realized in certain 
Gnetales. Since this is the most im- 
portant phylogenetic motif, the author 
feels that it is preferable to speak of | 
the ‘‘ Archegonial Disappearance theory ” | 
rather than of the “ Gnetalean theory ”. 
This last name is ambiguous, and also at 
present there is no strictly defined Gneta- | 
lean theory. 

On the basis of the Archegonial Dis- 
appearance theory the scheme shown in 
Fig. 1 has .been constructed**. In this} 
scheme the origin and development of 
the embryo sac is shown for the general 
case of gymnosperms, the general case of 
angiosperms, and also for the particular 
cases of Taxus, Welwitschia and Gnetum 
which in the author’s opinion represent 
conditions intermediate between the two 
general cases. The main divisions of this 
scheme will be briefly outlined. 

The history of the gametophyte is sub- 
divided into two phases: somatogenesis 
and gamelogenesis. The somatogenesis 


2a. In all drawings a single nucleolus symbol- 
izes the haploid chromosome complement; two 
nucleoli the diploid, etc. The nucleus of the 
megaspore mother cells in Figs. 1, 4 5, 6 
( Datura type) is figured with one bivalent ( the 
centromere is represented by a white circle). | 
The nucleus of the megaspore mother cell in 
Fig. 6 ( Taraxacum and Ixeris types ) is figured 
with two univalents. The nucleus of the 
microspore mother cells in Figs. 7 and 8 ( Allium 
schoenoprasum and Fritillaria meleagris types ) 
is figured with one bivalent. In the other types 
( Fig. 8 ) the nucleolus of the microspore mother 
cell is represented by two bivalents. In the | 
nuclei of the diad stages ( sporogenesis: Figs. 1, 
4, 5, 6, 7, 8) the chromosome structure “ half 


of bivalent’ or “ univalent’”’ sensu lato (i.e. a Ü 


pair of chromatids with a centromere ) is shown. # 
Each univalent is also shown with a nucleolus 

in a medial position. In the same way, in the # 
Datura ( Fig. 6 ), Allium amplectens and Allium 
schoenoprasum types (Fig. 8), in the stage 
which corresponds to the tetrad stage of the 
normal development the structure named by | 
the author “ diplounivalent’”’ is shown. Each 
diplounivalent is also shown with a nucleolus in 
medial position. In all figures the sign X 
signifies a suppression of division. 


'IX94 998 uoIeUeIdx9 JoUJINF IO, *sesopU [eTUOSaYoIe ATUO UI99UOD SISOUSO}JOWILS JO SUOISIAIP PUOdES pue Jsıy IY TL 
(-sisouoSouydrowoo—="ydiomoo ‘uoreur1o} feryrur jeruoSouoie— "jour “Sayoay ‘uoryewiog [TeEmM="mAof pm “uoryeziepod='4070F !uoryejonseA 
="J0nNIVA | PU1399 = ‘4797 {1109 19yyow o10dseS$our— "24 "Saw :930N ) ‘sows oAıquıa JO JusudojsAap puke uIS8r10 Jo SW9JSAS [eIOUaD — [ “OL 


(swsadsoröuy) 
ase? “quid | 


wu adsouw + wi. à PES 
6 ni E 10 0,04, Lt A OF SEL erP > Ë 
EN A RÉ CA RC BE BE RE Nr 
| __SISINOLIWD |  SSNEOIMMS | SIGanasoNnae 


92 PHYTOMORPHOLOGY 


phase includes development of the gameto- 
phyte from its initial, i.e. functional 
megaspore, to the differentiation of the 
archegonial initial; the gametogenesis 
phase includes development from arche- 
gonial initial to the formation of the 
mature egg. It also seemed desirable to 
include meiosis in this general scheme, 
thus introducing the sporogenesis phase?. 
With these general subdivisions in mind, 
a comparative description of the origin 
and development of the embryo sac will 
be presented for the five cases illustrated, 
i.e. the general case of gymnosperms, the 
modified cases found in Taxus, Welwitschia 
and Gnetum, and the general case of 
angiosperms. From this description it 
will become evident why these five cases 
were chosen and why the three main 
phases of development have been further 
subdivided as in Fig. 1. 
SPOROGENESIS— The sporogenesis phase 
both in gymnosperms and in angiosperms 
includes the two divisions of meiosis, 
which result in a tetrad of megaspores of 
which the chalazal one usually functions 
as the embryo sac initial. The megaspore 
mother cell is represented diagrammatical- 
ly with a single bivalent in its nucleus. 
Consequently each of the two heterotypic 
telophase nuclei is shown to contain a 
“half bivalent ” or univalent ( sensu lato ) 
(cf. Battaglia, 1945b, 1947g, 1950b4). In 
angiosperms, in certain cases, effective 
wall formation does not occur at telo- 
phase II, and in other cases at neither 
telophase I nor II. Therefore, the resultant 
megaspores are respectively binucleate or 
tetranucleate (di- or tetrasporic embryo 
sacs). Such forms also appear to be 
present in Gnetum ( Fagerlind, 1941; cf. 
also Maheshwari, 1948, p. 44). Because 
they are not general cases they have been 
omitted from the present scheme. 
SOMATOGENESIS — The development of a 
functional megaspore marks the beginning 
of the gametophytic soma, i.e. the somato- 
genesis phase. This megaspore grows 


3. The terms sporogenesis, somatogenesis and 
gametogenesis were used to describe the develop- 
ment of the female gametophyte of angiosperms 
by Chiarugi in 1927. 

4. The chromosome structure in the two 
nuclei of the diad was included to show the 
absence of chromosome reproduction between the 
first and second division of meiosis. 
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and becomes vacuolate, and its nucleus 
divides several times without wall forma- 
tion ( free nuclear period, cf. Chamberlain, | 
1935 ) to produce a multinucleate embryo 
sac. The free nuclear period is followed 
by the process of wall formation. The 
author indicates by ‘‘d’’ the total number 
of successive divisions which occur during | 
the free nuclear period. 

In gymnosperms, as in angiosperms, the 
first sign of physiological activity of the 
functional megaspore is the phenomenon 
of vacuolization (see Fig. 1). One large. 
vacuole is always visible in the embryo 
sac of angiosperms, Gnetum, Welwitschia, 
Taxus, and several gymnosperms (Cycas, 
Gingko, etc., cf. Chamberlain, 1935), 
while in other gymnosperms vacuolization 
is not so evident. A certain amount of 
vacuolization is generally found before 
the first division of somatogenesis. 

The two nuclei produced by the first 
mitosis usually tend to separate and come 
to occupy the two ends of the embryo 
sac ( polarization). This phenomenon is 
obviously favoured by the growth of the 
embryo sac, especially if elongation alse 
occurs. In angiosperms, especially in 
those with monosporic embryo sacs, 
elongation is pronounced and the two 
nuclei finally occupy the two ends of the 
embryo sac : a very marked polarization. | 

In angiosperms, however, it should be 
remembered that in di- and tetrasporic 
embryo sacs polarization occurs before 
division of the spore nuclei. This fact 
indicates, in the author’s opinion, that, for 
example, the bisporic embryo sac attains | 
directly after meiosis the same condition 
which the monosporic embryo sac reaches 
only after one mitosis. It seems natural 
that in the former case as in the latter 
polarization should occur at this time. 
This must apply in the tetrasporic case 
also. In several cases of tetrasporic 
embryo sacs, however, both because of the 
number of nuclei and the shape of the 
embryo sac resulting from uniform growth | 
without excessive elongation, polarization | 
is difficult. In this way it is possible to 
find a disposition of nuclei which is not 
strictly polarized’, as for example in 


5. The term polarization should, then, more 
correctly be replaced by the term ‘disposition ’’. 


19511 


+ Penaea, Peperomia and Plumbago types 
‘ (cf. Chiarugi, 1927 ; Maheshwari, 1948). 
| In these types the four nuclei are disposed 
i; at the ends of the longitudinal and trans- 
| verse axes. In certain species such as 
‘ Tamarix africana and T. gallica ( Battaglia, 
ii 1941) the tetrasporic embryo sac may 
1} have polarizations 2+2 or 1+3, and also 
1+(2)+1, which are followed by three 
‘| different types of embryo sac develop- 
ik ment®! This example shows clearly that 
i polarization is the result of the interaction 
‘) of several factors : nuclear number, shape 
| of embryo sac and speed of growth. The 
| 
| 


i, resultant of such an interaction should 
be variable, and, therefore, polarization 
| should also be variable, even in a single 
{| individual, as in the above case of Tamarix. 
In angiosperms polarization is followed 
1 by a maximum of two nuclear divisions 
(e.g. Normal type ). Because of the small 
ri number of nuclei the separation produced 
kby polarization is not destroyed. In 
| gymnosperms, in contrast to angiosperms, 
\) although some polarization is present in 
the binucleate stage, there follows a 
(number of nuclear divisions usually as 
high as from d=8 to d=13. For this 
x} reason one finds a uniform distribution of 
h nuclei in the embryo sac ( frequently 
4} located in the parietal cytoplasm since the 
„) greater part of the embryo sac is filled by 
ka large vacuole ). 
»| The number of nuclear divisions in the 
\free nuclear period in gymnosperms, as 
„recorded above, is usually between 8 and 
113 (numerical value of d, see Fig. 1). 
| Thus the number of free nuclei varies from 
1256 (d=8, e.g. in Taxus, Torreya, Zamia, 
Gingko, etc., cf. Chamberlain, 1955) to 
4111000 (d=10, e.g. Pinus, cf. Ferguson, 
1904, etc.) and even more than 6000 
.A( d=13, e.g. Sequoia, cf. Buchholz, 1939 ). 
| The last mitoses may not be synchronous. 
It has been calculated that in Welwitschia 
d=10-11, in Gnetum d=8-10, and finally 
in angiosperms (for the Normal type, 
‘which is considered most primitive) the 
value of d is reduced to 3. 
The free nuclear period is eliminated by 
the subsequent process of wall formation. 
In the gymnosperms, excluding Gnetum 


} 6. In the notation 1+(2)+1, the term (2) 
lindicates that the two nuclei in the central 


BATTAGLIA — MALE AND FEMALE GAMETOPHYTES OF ANGIOSPERMS 93 


and Welwitschia, the phenomenon of wall 
formation follows two different modes, 
best known in Pinus and Taxus ( Ferguson, 
1904; Chamberlain, 1935, p. 323; Sterling, 
1948, etc.). Such modes are not important 
for the present consideration. 

After the beginning of the wall for- 
mation phase in gymnosperms ( general 
case), nuclear division recommences, 
naturally followed by wall formation. 
However, certain superficial cells in the 
micropylar area cease division, enlarge 
and become differentiated into archegonial 
initials ( beginning of gametogenesis, see 
Fig. 1). From an ontogenetic point of 
view the last division of somatogenesis is 
that which produces the archegonial 
initials. For this reason this stage is 
included in the general scheme. It is 
known that mitotic activity continues in 
the embryo sac, particularly in the chalazal 
region, to produce primary endosperm. 

In the genera Welwitschia and Gnetum 
the wall formation phenomenon proceeds 
in a different manner. In Welwitschia 
the embryo sac is subdivided by wall for- 
mation into several “ compartments ”’ 
(see Pearson, 1909, also Fig. 1). Those 
in the micropylar part contain few nuclei, 
usually not more than two, while those in 
the chalazal part contain “ commonly 
12 or -more Pearson, 1093727: 
Certain micropylar compartments enlarge, 
and are then homologous to the arche- 
gonial initials of the general case of 
gymnosperms. In the chalazal compart- 
ments nuclear fusions occur ( preceded or 
not by mitosis ) to form uninucleate cells 
(endosperm initials). In almost all 
species of Gnetum studied to date, wall 
formation in the chalazal region is similar 
to that described for Welwitschia and 
produces multinucleate compartments (4 
or more nuclei). In the micropylar part 
of the embryo sac, wall formation is limited 
to part or all of the peripheral layer to 
produce uninucleate cells. In the middle 
a large vacuole persists, surrounded by 
free nuclei. In the chalazal compartments 
the nuclei behave as in Welwitschia. The 
free nuclei show the same tendency to 
fusion and it is probable that subsequent 
behaviour may be similar ( cf. Thompson, 
1916). Certain cells of the peripheral 
layer grow and become egg cells. 
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It is noteworthy that in Welwitschia and 
Gnetum the nuclei in the micropylar region 
do not undergo mitosis after the beginning 
of wall formation, as in other gymno- 
sperms. This may be considered onto- 
genetically as a reduction of the female 
gametophyte. Since mitosis may conti- 
nue in the chalazal region, this is indicated 
by a metaphase spindle in Fig. 1. 

In angiosperms wall formation normally 
produces uninucleate cells at the two ends 
of the embryo sac. As in Gnetum walls 
are not formed between the central nuclei 
in contact with the vacuole. However, 
wall formation at the two ends indirectly 
forms a large, central, usually binucleate 
cell ( proendospermatic cell with polar 
nuclei). It should be remembered that 
sometimes, in the chalazal region, more 
than one nucleus may be included in a cell 
( binucleate antipodal, etc.). 

GAMETOGENESIS — This phase includes 
the life history of the gametophyte from 
the differentiation of archegonial cells to the 
formation of mature eggs. In the general 
case of gymnosperms the archegonium is 
formed by two fundamental divisions of 
the archegonial initial. The first mitosis 
produces the primary neck cell and the 
central cell, After this the central cell 
enlarges while the primary neck cell 
divides one or more times, forming a 
variable number of neck cells (even in a 
single species). For example, the number 
of neck cells is 2 in Dioon edule, from 4 
(one tier) to 8 (two tiers) in Pinus 
strobus, from 2 to 25 in Podocarpus coriacea, 
etc. (cf. Chamberlain, 1935). Finally 
the second division of gametogenesis occurs 
in the central cell, producing the ventral 
canal cell in the neck cell region and at the 
other end the egg. Usually the ventral 
canal cell promptly degenerates. 

In nearly all members of the Coniferales 
the division of the central nucleus is not 
accompanied by wall formation and the 
ventral canal nucleus, before degeneration, 
lies free in the cytoplasm of the egg. 

In Fig. 1 the gametogenesis phase is 
represented by the differentiation of the 
archegonial initial, by archegonia during 
first and second divisions, and finally by the 
stage immediately preceding fertilization. 

In gymnosperms the first significant 
reduction of the archegonium (i.e. not 
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concerned with variation in number of | 
neck cells) is distinguishable in Taxus, | 
Torreya, etc. ( Tahara, 1940a, b; Buchholz, 

1940; Sterling, 1948). In these genera | 
as a regular condition the archegonial | 
initial exhibits only one division, which 

gives rise to the central cell and primary | 
neck cell. The latter promptly divides 
again to produce from 2 to 4 neck cells. | 
The central cell, on the other hand, func- 

tions directly as an egg, without division | 
(it is important to remember that there 
is also a reduction in the male gameto- 
phyte, see Fig: 7): 

The typical archegonium disappears in | 
the Gnetales (except Ephedra). In We. 
witschia the micropylar binucleate cells 
mentioned earlier show exceptional elon- 
gation and grow “through the macro- 
spore wall into the axial core of the nuce- 
lar cone”’ ( Pearson, 1909, p. 349 ) towards 
the pollen tubes. True archegonia are 
not present, but the binucleate micro- 
pylar cell may be considered homologous 
to an archegonial initial’, in which the 
subsequent gametogenetic divisions are 
suppressed. 

The genus Gnetum is different from 
Welwitschia. In it no remnant of arche- 
gonial morphology is present. According 
to Thompson ( 1916, p. 158 ) in the mature 
embryo sac ‘after the pollen tube comes 
in contact with the embryo sac, a very 
important development takes place. One f 
or more of the nuclei at the upper end off 
the sac become differentiated from the 
others and definitely recognizable as egg 
nuclei. They can easily be distinguished § 
from the remaining nuclei by their larger 
size, greater affinity for stains, very dense | 
structure and inconspicuous nucleolus.” 
According to Fagerlind (1941) certain cells 
of the micropylar peripheral layer enlarge! 
and become differentiated as egg cells: 
“ Angeschwollene Zellen an der Peripherie ‘# 
der peripheren zellularen ‘ Schalenschict ’ 
im oberen Teil des Makrogametophyten) 
bei Gnetum sp. XV A 31 werden als 


7. Chamberlain (1935, p. 403 ) also speaks ofl 
these as “cells which might be regarded a 
archegonial initials..... ” 

8. Pearson named these cells “ prothallia 
tubes’ and later “‘ embryo sac tubes”’ (1909, 
p- 349). The author thinks a better name 
would be “ egg tubes ”. 
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Eizellen gedeutet ” (Fagerlind, 1941, 
p. 52). Thus in Gnetum wall formation 


in the micropylar parietal layer differen- 
tiates fertile cells ( eggs) and sterile cells. 

The condition in angiosperms is well 
| known. Wall formation in the micro- 
| pylar region, as in Gnetum, differentiates 
: a fertile cell ( egg ) and sterile cells. The 
| sterile cells (synergids ) are only two in 
‘| number, the fertile, one. 
| The above account is an attempt at a 
‘| general, co-ordinated description of em- 
‘| bryo sac development from gymnosperms 
| to angiosperms. The presence of inter- 
i)/ mediate situations illustrates the mecha- 
2} nism of gametophytic reduction and at the 
ik Same time confirms the correctness of the 
oh interpretation. The following general con- 
"+ clusions may be deduced, and on them 
is based the Archegonial Disappearance 
à theory. 

1. Reduction of the Gametophyte — 
Gametophytic reduction is realized in two 
: ways: reduction of the complexity of the 
: soma (diminution of the number of 
) somatogenic mitoses), and reduction of 
the sexual apparatus (diminution of the 
number of gametogenic mitoses). Re- 
+ duction of the gametophytic soma is not 
; appreciable in the gymnosperms. Such 
‚a reduction, on the contrary, is very 
marked for the angiosperms: limited to 
“not more than three divisions of the 
1h functional megaspore nucleus! On the 
‚other hand, reduction of the sexual appa- 
ıratus (archegonium) is already fully 
‚realized in the gymnosperms. Thus, the 
two usual archegonial divisions are reduced 
‘to one in the Taxaceae, both are omitted 
in Welwitschia and finally the total dis- 
«| appearance of the archegonium is accom- 
„tplished in Gnetum. Here the archegonial 
‚wall is replaced by that of the cell con- 
taining the egg nucleus. A new pheno- 
menon arises: oömorphogenesis. With this 
“term the author includes all those more 
‘or less apparent processes through which 
la nucleus of the gametophyte is trans- 
{formed into an egg ripe for fertilization. 
\Oömorphogenesis represents the final act 
’ lof gametogenesis. The actual process con- 

sists of growth and vacuolization resulting 
„in the acquisition of a form very different 
from that of the neighbouring sterile cells. 
Since this process is found in Gnetum it is 


de 


{ 
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natural that it is also present in angio- 
sperms. In the latter case oömorpho- 
genesis transforms usually the undifferen- 
tiated egg into a pyriform cell with a large 
vacuole located in the superior part. 

The “ archegonial reduction ”, finally, 
is also numerical; thus the many egged 
condition in Gnetum becomes the single 
egged condition in angiosperms. 

2. Vacuolization, Polarization and Wall 
Formation — These three phenomena are 
present in both gymnosperms and angio- 
sperms. Polarization is not effective in 
gymnosperms, however, because the num- 
ber of nuclei is very high. In almost all 
gymnosperms there follows, after the 
beginning of wall formation, a general 
mitotic activity which includes the micro- 
pylar nuclei from which archegonia arise. 
In Welwitschia, Gnetum and the angio- 
sperms such mitotic activity is totally 
lacking for the future egg nuclei. In the 
chalazal region mitotic activity continues 
in all gymnosperms and is responsible for 
the formation of primary endosperm. 
After wall formation in the angiosperm 
embryo sac, mitosis is absent, except in a 
few cases where, as a regular phenomenon, 
the chalazal cells (antipodals ) resume 
their mitotic activity ( polyantipody ). 
In this way a tissue is formed which must 
be considered as a true primary endosperm 
of angiosperms. 

3. Primary and Secondary Endosperm — 
The origin of the primary endosperm of 
gymnosperms (general case) is well 
known. In Welwitschia and Gnetum one 
seesa different behaviour. Here the initial 
endosperm cells arise from compartments 
which are originally multinucleate and 
subsequently become uninucleate by 
nuclear fusion. In angiosperms these 
compartments are reduced both in number 
and in nuclear number. Thus as a rule 
only four compartments are present: one 
central cell ( proendospermatic cell ) con- 
taining two nuclei ( polar nuclei ) and three 
chalazal cells ( antipodals ), each contain- 
ing one nucleus and incapable of division. 
As in the case of the nuclei in the com- 
partments of Gnetum and Welwitschia, the 
nuclei in the proendospermatic cell fuse 
to produce likewise one uninucleate cell 
(endosperm initial with secondary nucleus). 
Such a cell requires for division a mitotic 
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stimulus which is provided by fusion with 
a male nucleus. There also exist cases in 
which such a stimulus is not necessary and 
the proendospermatic cell is capable of 
autonomous division to produce normal 
endosperm (parthenogenetic plants such 
as Taraxacum, Chondrilla, Erigeron, etc., 
cf. Battaglia, 1947h, 1950a). This case 
is important in that it demonstrates: 
(a) that the proendospermatic cell is a 
true endosperm initial; (b) that the union 
of secondary nucleus and male nucleus 
serves primarily as a mitotic stimulus. 
It is obvious that the antipodals are also 
potential endosperm initials, but are 
usually ineffective because the proendo- 
spermatic cell is favoured by size and 
nuclear number. It is natural, then, that 
in certain cases the antipodals may resume 
mitotic activity to produce a tissue of 
variable size (phenomenon of polyanti- 
pody ). Such a tissue is the example of 
primary endosperm in angiosperms’. This 
interpretation is supported by the obser- 
vation of mitotic peculiarities during 
polyantipody (i.e. multinucleate cells, 
karyogamy, etc.), similar to those seen in 
the endosperm cells of Gnetum and Wel- 
witschia. Polyantipody, in the phylogeny 
of angiosperms, should, therefore, be an 
indication of primitiveness. Such cases of 
polyantipody as have been reported are 
generally associated with the Normal type 
(i.e. primitive) of embryo sac development. 
Thus this last situation ( Normal type plus 
polyantipody ) must be regarded as the most 
primitive embryological behaviour in an- 
giosperms. 

4. Double Fertilization — This pheno- 
menon, in the author’s opinion, has 
assumed an unjustified importance since 
it is not truly a double fertilization 
and, therefore, this term is incorrect. 
Fertilization is the union of two gametes 
and the proendospermatic cell is not a 
gamete. It differs from the female gamete 
not only morphologically, but also in its 
nuclear constitution, its nucleus being a 
fusion nucleus! The future fate of the 


9. It should be remembered that both the 
primary endosperm of Gnetum (Pearson & 
Thompson, 1918, p. 238) and the “ primary 
endosperm ”’ due to polyantipody ( for example 
in Ligularia kaempferi, cf. Battaglia, 1940 ) are 
present before fertilization. 
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proendospermatic cell is evident from the 
cases reported above ( parthenogenetic 
plants ), in which it divides without the | 
intervention of a male nucleus. Therefore, | 
the significance of the normal union with | 
a male nucleus is evidently that it furnishes 
stimulation to overcome a phase of mitotic 
inertia. The fact that such a stimulus | 
is actually a condition sine qua non for the | 
initiation of mitosis in the proendosper- 
matic cell (not in all cases, vide supra) | 
may be considered to be the result of the 
presence in the theoretical preangiosperms 
of two equipotential male nuclei. With | 
reference to the term “ theoretical pre- 
angiosperms ”, it should be remembered 
that the more certain cases of “‘ double fer- | 
tilization ” in gymnosperms are restrict- 
ed to Gnetales, and indeed to the genus 
Ephedra (Herzfeld, 1922 ; Khan, 1940, 
etc.). The other two genera, Welwitschia 
and Gnetum, the former especially, have 
not been studied sufficiently to express an 
opinion concerning them. 

It may be asked why the second male 
nucleus fuses with the secondary nucleus. 
It seems probable that the interaction of 
forces, almost certainly physiological, 
which prevents the union of a male 
nucleus with a synergid and even in some 
cases with the egg (cases of semigamy : 
Rudbeckia laciniata and R. speciosa, see 
Battaglia, 1945a) permits the union of 
male nuclei with both egg and secondary 
nuclei. Thus the behaviour of male nuclei 
in the embryo sac is not so difficult to 
explain as it is if one speaks of “ double 
fertilization ”’. | 

After what has been written above, 
the author feels that it is legitimate to 
conclude that a consideration of the 
embryology of the Gnetales, and in 
particular of Welwitschia and Gnetum, 
is of fundamental importance for a 
phylogenetic interpretation of the angio- 
sperm embryo sac. The formulation of) 
the Archegonial Disappearance theory is 
the result of such a consideration. 


Types of Embryo Sac Development 
in Angiosperms 


In the angiosperms the existence o 
numerous types of embryo sac develop- 
ment has been noted. An extensive 
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literature has developed concerning the 
inter-relationship of these various types, 
and has resulted in a variety of different 
interpretations and schematic represen- 


tations (cf. Coulter, 1908; Ernst, 1908; 
Palm, 1915: Rutgers, 1923: Chiarugi, 
1927; etc.). The author feels that it is 


‘| desirable first to present his own inter- 
| pretation, and afterwards to compare 
‘| this with other existing theories. 

| In the first place it is necessary to note 
‘| that according to the Archegonial Dis- 
appearance theory, gametogenesis in an- 
| giosperms is represented solely by oömor- 
"|, phogenesis, the process through which one 
'} micropylar cell becomes differentiated as 
“) a mature egg. 

The variability in angiosperm embryo 
\} sacs is concerned almost exclusively with 
|, somatogenesis. Naturally modifications 
|} during meiosis ( sporogenesis phase) affect 
the construction of the female gameto- 
phyte. The following interpretation is 
influenced by the author’s belief that the 
wt coexistence in one species or even in one 
il individual of different types of embryo 
sac development is of particular value. 

| Take, for example, the tetrasporic 
itembryo sac of Tamarix africana ( Bat- 
wptaglia, 1941). Here polarization follows 
ii the three types: 143, 1+(2) +1, and 2+2. 
dk Polarization 1+3 is followed by two 
|) divisions to produce a 16-nucleate gameto- 
yi phyte (first 1+3, then 2+6 and finally 
#}4+12) of the Pyrethrum parthenifolium 
Aftype (cf. Chiarugi, 1927). Polarization 
B1+(2)+1 is likewise followed by two 
divisions, but since the two central spore 


‚ba 12-nucleate embryo sac, of which four 
)pnuclei are obviously diploid ( Pyrethrum 
‘hcinariaefolium type, cf. Martinoli, 1939; 
‚(land Battaglia, 1941). It would seem 
{natural that in the same way polarization 
„"2+2 should also be followed by two 
‘divisions to produce a 16-nucleate embryo 
sac (ie. 2+2, then 4+4, and finally 
‘1848 ). Contrary to expectation, how- 
jever, only a single division occurs, pro- 
jducing an Adoxa type, 8-nucleate embryo 


jsac (ie. 2+2, then 4+4). It seems 
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tion which follows the last somatogenic 
mitosis of the embryo sac occurs (in the 
cases in question) when four nuclei are 
present in the micropylar part of the 
embryo sac. Consider the Pyrethrum 
parthenifolium, 16-nucleate ( polarization 
1+3) and the Adoxa, 8-nucleate ( polar- 
ization 2+2) types. In the latter case 
the tetranucleate micropylar condition is 
produced by only one division after polar- 
ization (2+2 and then 4+4). In the 
former case, however, the same tetra- 
nucleate condition requires two divisions 
(1+3, then 2+6 and finally 4+12). The 
binucleate condition which precedes the 
final tetranucleate condition is thus attain- 
ed in Adoxa type directly by polarization, 
without the division required by the 
Pyrethrum parthenifolium type. This pen- 
ultimate division, then, is suppressed in the 
Adoxa type with respect to the Pyrethrum 
parthenifolium type (cf. Fig. 5). Such 
a conclusion is supported by the obser- 
vation of similar behaviour in other plants 
where different types coexist. For example, 
the Adoxa 8-nucleate type ( polarization 
2+2 ) is found in Tamarix gallica together 
with the Pyrethrum parthenifolium sub- 
type Ulmus 10-nucleate ( Battaglia, 1941 ), 
in Ulmus together with the Pyrethrum 
parthenifolium 14-, 12- and 10-nucleate 
types (Shattuck, 71905} Leliveld #19355 
D’Amato, 1940a; Ekdahl, 1941; Walker, 
1938, 1950 ), in Armeria vulgaris var. mari- 
tima together with the Euphorbia dulcis, 
8-nucleate type ( D’Amato, 1940b ), etc. 
The conclusion is as follows: The pro- 
cess of wall formation marks the end of 
mitosis in the embryo sac ( general case )!®. 
The initiation of wall formation is deter- 
mined for each species by the nuclear con- 
dition present in the micropylar region!. 
This condition must produce a physio- 
logical state which causes wall formation. 
Differences in polarization allow this final 
condition to be attained more rapidly with 
the suppression of one division. A parallel 


10. Actually, mitosis may continue, as in the 
case of polyantipody. 

11. The micropylar situation existing at the 
time of wall formation is usually represented by 
4 nuclei, but may be reduced to 2 nuclei ( Plum- 
bago, Haupt, 1934; Plumbagella, Fagerlind, 1938; 
and Boyes, 1939), or increased to 6 ( Tulipa 
tetraphylla, Romanov, 1938 ) or 8 ( Tulipa sylves- 
tris, Guignard, 1900 ). 
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situation may also be found in the com- 
parison of the monosporic embryo sac on 
the one hand, and the di- and tetrasporic 
on the other (see p. 92). In this case, 
variation in nuclear number in the func- 
tional megaspore, caused by different 
meiotic behaviour (wall formation, sup- 
pressed only after telophase II, or also 
after telophase I) produces directly a 
situation in which polarization may begin. 
Thus the first division of somatogenesis 
is suppressed (cf. Fig. 2). 

Significant as confirmation of this 
interpretation is a case which is exactly 
the reverse. In one species of Euphor- 
bia, D’Amato (1939) has found that the 
embryo sac is generally of the bisporic, 
Scilla type ( 8-nucleate )!?, but occasionally 


12. Scilla type = Allium type (Strasburger, 
1879 ! ), cf. Maheshwari, 1948. 
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Fic. 2 — Monosporial types of embryo sac development according to Chiarugi (1927; Fig. 1). 
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is monosporic. In the usual case (bi- 
sporic, Scilla type), after meiosis, two | 
mitoses occur. In the exceptional ( mono- 
sporic) case, therefore, one might also 
expect two divisions (as in Oenothera 
type ), but on the contrary three divisions 
actually occur to produce Normal type 
development. 

The general conclusion to be drawn | 
from the above evidence is that the 
number of divisions in the gametophy- 
tic soma is most probably controlled 
by some physiological mechanism. The 
nuclear condition in the micropylar re- 
gion of the embryo sac must be important 
in the origin of such a mechanism. Thus 
a tetranucleate embryo sac with polar- 
ization 1+3 behaves differently from one 
with polarization 2+2. Therefore, the 
micropylar situation is the one which 


GAMETOGENESI 


Gam. 
adulto 


Tipo di sviluppo 


Normale 


8-nucleato 


Coralliorrhiza 


6-nucleato 


Garcinia 


5-nucleato 


Oenothera 


4-nucleaio 


Dicrea 


2-nucleato 


i! number of 
‘; example, from d=8, a value common in 
: gymnosperms, to d=3, which is general 
‘In angiosperms. 


19517] 


controls the embryo sac. The chalazal 
region must be passive, as shown, for 
example, by the non-division of chalazal 
nuclei in Ulmus with Pyrethrum partheni- 


| folium type, 16-, 14-, 12- or 10-nucleate 


conditions. 
The reduction in the number of soma- 
togenic divisions recorded above is related 


to variations in polarization or in sporo- 


genesis (meiosis). Such variation can- 
not explain the great reduction of the 
somatogenic divisions, for 


A preferable hypothesis, in the author’s 
‘ opinion, is to suppose that through some 


ii cause as yet unknown the phase of wall 
1 formation occurs ( for example in Gnetum ) 


not after 8 divisions, but after 7, and then 


| 
| 
| 


ith 
| 1 
| one species of the genus Statice ( Statice 
| Eu-Limonium sp.) in which the embryo 
|sac is formed according to the Penaea, 
'/ 16-nucleate type (polarization 1+4-H1, 


—-— — 


| 


|| ginaceae. 


in phylogenesis after 6, after 5 and even 
after 3. The possibility that this has 


| 
| actually occurred in the hypothetical 
ac which should have the 


condition (from d=7 to d=4) inter- 
mediate between that in Gnetum (d=8 ) 
and that in angiosperms (general case : 


ıd=3), is supported by the following 


| considerations. 


| Among the angiosperms there exist 


}examples in which wall formation anti- 
LE one division: that is, the last 
| somatogenic division is suppressed. 
Thus in the Plumbaginaceae is present 


then 2+3+2, and finally 4+3-+4, cf. 
Fagerlind, 1938b, 1939). In the genus 
| Plumbago is found a type of development 
|( Plumbago type) in which after polar- 
jization 1414-1, only one division follows 
I(producing 2+3+2) and then wall 
\formation occurs. In the same family 
there is a similar reduction in the embryo 


“| sac of. Plumbagella (Plumbagella type ) 


with respect to the Euphorbia dulcis 
type which also occurs in the Plumba- 
It is evident from this com- 
(parison of Penaea and Euphorbia dulcis 
{with Plumbago and Plumbagella that wall 
formation in the last two types occurs 
|before the last division, which is con- 
jsequently suppressed. This evidence is 
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the more certain because the Plumbago 
and Plumbagella types are present only 
in the Plumbaginaceae. 

One may conclude that the mechanism 
of reduction in number of mitoses is 
not uniform (see pp. 92 and 97). 

If one does not accept the present 
explanation, based on a consideration of 
the coexistence of a variety of types 
of development in a single species or 
family, nothing remains but to choose 
the other possible alternative. That is, 
after the meiotic divisions, to classify 
the various types of embryo sac develop- 
ment solely on the basis of the number 
of divisions which follow. Thus, in the 
Normal type are seen three divisions, 
in the Oenothera type two, as also in the 
(bisporic ) Scilla type, and finally only 
one division in tetrasporic types such as 
Adoxa, Plumbago, Plumbagella, Tulipa 
sylvestris and Tulipa tetraphylla. This 
last classification is the simplest and 
apparently the most natural. It was 
clearly presented in 1908 by Coulter ( and 
partially still earlier by such authors as 
Schniewind-Thies, 1901; Chamberlain, 
19055 - Davis, 1905 Paces, 1907; etc): 
Following this concept, more or less com- 
prehensive schemes for the angiosperm 
embryo sac have been constructed by 
Samuels (1912), Palm (1915 ), Dahlgren 
(1915), Carano (1921), Shadowsky 
(1925), etc., etc., and recently also by 
Maheshwari ( 1937-1948 ). 

The embryological importance of Coul- 
ter’s (1908 ) work consists fundamentally 
in the clear distinction of meiosis from 
following divisions, that is the separation 
of sporogenesis from somatogenesis. For 
this reason Coulter’s theory (1908) is 
better than other theories, both contem- 
porary and later, such as those of Ernst 
(1908 ) and Rutgers ( 1923 ) in which the 
significance of meiosis for the development 
of the gametophyte was not recognized. 
These last two theories are now only of 
historic importance, and were demolished 
by the criticism of Chiarugi ( 1927 ). 

Chiarugi presented a different interpre- 
tation of the development of the female 
gametophyte. He only accepted Coulter’s 
( 1908 ) view with respect to the import- 
ance of meiosis (and thus spore forma- 
tion). He also accepted Rutgers’s (1923 ) 
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concept of polarization and vacuolization, 
but contrary to Rutgers he maintained, on 
the basis of embryological observations, 
that vacuolization and polarization were 
two different processes. Thus, for example, 
between vacuolization and polarization in 
the Normal type ( monosporic ) embryo 
sac there occurs a nuclear division 
(somatogenic division ). 

Chiarugi saw in the micropylar position 
of the mature angiosperm embryo sac a 
true apparatus which he called “ oangio ”’. 
Since such an oangio is a quartet, the last 
two divisions by which it is formed conse- 
| quently have a “ generative ” rather than 
a somatic significance. He, therefore, 
called these “ mitosi gametogeniche ”’. 
In this is implicit a preference for Porsch’s 
theory (“Per quanto la teoria di 
) Porsch sia quella che per ora soddisfa 
| di piu il nostro spirito, non e, ripeto, nel 
programma di questo lavoro di discuterla 
e di appoggiarla. Per il fine che ci pro- 
poniamo e bene anzi non tenerne conto ”’ ). 
Chiarugi stated that for his interpretation 
he did not consider the problem of the 
origin of the embryo sac and, therefore, 
the acceptability of Porsch’s theory 
( “ Per brevita di linguaggio d’ora innanzi 
chiamero oangio l’apparato ovarico del 
gametofito delle Angiospermae, lasciando 
pero impregiudicata la questione della suo 
omologia con l’oangio delle Gymnosper- 
mae, e diremo quindi che le mitosi gameto- 
geniche sono le mitosi costruttrici dell’- 
oangio; probabilmente con ogni verosimig- 
lianza sono costruttrici di due oangi: ma 
chi non vuole sottoscrivere all’opinione 
che le antipodi siano un apparato ovarico 
transformato per la sua posizione e per la 
sua funzione, puo supporre che il soma 
|continui il suo sviluppo nella regione 
|calazale per mitosi di natura somatogenica 
jsincrone con quelle gametogeniche cons- 
|truttrici dell’apparato ovarico”’ ). In con- 
Iclusion, Chiarugi’s theory calls the last 
two divisions ( for example in the Normal 
type) gametogenesis, and somatogenesis 
is, therefore, only the stage between vacuo- 
jlization and polarization. For further 
\clarification Chiarygi’s ( 1927 ) Figs. 1 and 
\2 are included (see Figs. 2 and 3). 
| Evidently the author’s scheme corres- 
jponds substantially with Chiarugi’s, but 
\differs in the interpretation of certain 
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parts. One might say that the author’s 
system is a re-elaboration of Chiarugi’s, 
to explain on the one hand the phylogenetic 
embryological relationship between gymno- 
sperms and angiosperms (i.e. the Arche- 
gonial Disappearance theory, with conse- 
quent differences in the interpretation of 
the gametogenesis phase), and on the 
other hand deducing the relationship of 
various types of development from an 
analysis of those cases in which different 
types coexist. 

In the course of the present discussion 
the author has mentioned various types 
of embryo sac development. Figs. 4 and 
5 present these schematically, as inter- 
preted according to his theory. 


HAPLOID TYPES OF EMBRYO SAC 
DEVELOPMENT (SEXUAL 
DEVELOPMENT ) 

The author does not consider that it is 
necessary to explain all the different types, 
since accurate reviews on this subject 
already exist (see Maheshwari, 1937- 
1948 ). Maheshwari’s scheme follows 
Coulter’s theory, but it is easy to translate 
the different types which he records to the 
present author’s system. Figs. 4 and 5 
will serve as examples. 


DIPLOID (NON-HAPLOID ) TYPES OF 
EMBRYO SAC DEVELOPMENT 
( APOMICTIC DEVELOPMENT ) 

While many reviews of the different 
types of embryo sac development in 
sexually reproducing plants exist (cf. 
works by Maheshwari cited above), re- 
views of the types of formation of diploid 
(or better, non-haploid ) embryo sacs, 
such as are found in apomictic plants, are 
almost completely absent. The following 
list includes, in the author’s opinion, the 
principal types of development which 
have been found in apomictic plants. 
For greater clarity they are represented 
schematically in Fig. 6, following the same 
system of interpretation as was followed 
for haploid embryo sacs. 

1. TARAXACUM TYPE — Discovered in 
Taraxacum officinale, this type was correct- 
ly interpreted only after a long series of 
different interpretations (cf. Fagerlind, 
1947b; and Battaglia, 1948). In this 
type the first meiotic division ends with 
the formation of a restitution nucleus 
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(usually associated with a preponderance 
of univalents during prophase). The 
second meiotic division produces a diad 
of megaspores (diplomegaspores ). The 
chalazal megaspore becomes the gameto- 
phyte initial with a final 8-nucleate con- 
dition. The following are the better 
known species in which the Taraxacum 
type is found: Taraxacum officinale and 
spp. ( Juel, 1904, 1905; Schkorbatow, 
1912; Osawa, 19135 Stork, 1920 Sears; 
1922; Poddubnaja-Arnoldi and Dianova, 
1934; Gustafsson, 1934a, b, 1935, 1946- 
47; Fagerlind, 1947b; Battaglia, 1948 ); 
Chondrilla juncea and spp. ( Rosenberg, 
1912; Poddubnaja-Arnoldi, 1933; Berg- 
man, 1944; Battaglia, 1949 ); Balanophora 
globosa, B. japonica ( Kuwada, 1928; Zwei- 
fel, 1939; Fagerlind, 1945); Walstroemia 
viridifiora ( Fagerlind, 1940); Elatostema 
eurynchum, E. machaerophyllum, E. pelti- 
folium ( Fagerlind, 1944 ). 

2. IXERIS TYPE — Discovered by Okabe 
(1932) in /xeris dentata, this type was 
formerly called Erigeron II type by the 
author (Battaglia, 1946b). However, 
since his research on Erigeron karwinskia- 
nus ( Battaglia, 1950a ) he has used the 
name Ixeris type. As in the Taraxacum 
type, the first division ends with the 
formation of a restitution nucleus. The 
second division lacks wall formation and 
thus forms a single, binucleate megaspore 
(2 diploid nuclei). Polarization follows 
and finally an 8-nucleate stage. The 
Ixeris type is found in: Ixeris dentata 
( Okabe, 1932); Erigeron annuus ( Holm- 
gren, 1919; Bergman, 1944; Fagerlind, 
1947c); E. karwinskianus var. mucro- 
natus (Carano, 1921, 1924; Fagerlind, 
1947c; Battaglia, 1950a ); Rudbeckia spe- 
ciosa (Battaglia, 1945a, 1946b); R. 
laciniata ( Battaglia, 1945a, 1946c; Fager- 
lind, 1946 ); Statice oleaefolia var. confusa 
( D’Amato, 1940c, 1949 ). 

3. DATURA TYPE — This type was bril- 
liantly illustrated by Satina and Blakeslee 
(1935) in Datura (in F, plants from 
radium-treated pollen ). The heterotypic 
division is regular and produces a normal 
diad. There follows a long period of 
quiescence, with suppression of the 
second meiotic division ( which occurs in 
normal plants). The upper cell of the 
diad degenerates, while the lower one 
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becomes the functional megaspore. During 
the long resting stage there occurs a chro- 
mosomal multiplication which is normally 


absent in the interkinesis between the | 


first and second meiotic divisions. The 
nucleus of the functional megaspore then 
possesses a chromosome structure which 
the author has called diplounivalent ( cf. 
Battaglia, 1947g ). 
the type characterized as diplounivalent 


mitosis (cf. op. cit.) and from it arise two 


diploid nuclei. After this polarization 
occurs, and finally an 8-nucleate stage. 
The Datura type has been described with 


A division follows of | 


certainty only in Datura (Satina and | 


Blakeslee, 1935 ). 

4. ANTENNARIA TYPE — This type was 
discovered by Juel ( 1898, 1900 ) in Anten- 
naria alpina. Meiosis is completely sup- 
pressed in the megaspore mother cell, 
which then functions as the embryo sac 
initial. Subsequent development is similar 
to that in the chalazal megaspore in the 
Taraxacum type, resulting finally in a 
regular 8-nucleate stage. The Anten- 
naria type is widespread in apomictic 
plants, among which the following species 
may be recorded: Antennaria alpina and 
spp. ( Juel, 1898, 1900; Stebbins, 1932a, 
b; Bergman, 1935c, 1937); Arnica alpina, 
A. chamissonis, A. diversifolia ( Afzelius, 
1936; Flovik, 1940); Eupatorium glandu- 
losum ( Holmgren, 1919); Hieracium sub. 
Archieracium spp. (Gustafsson, 1935; 
Bergman, 1935b; Gentcheff, 1937; Berg- 
man, 1941; Battaglia, 1947f; cf. Gustafs- 
son, 1946-1947); Parthenium argentatum 
(Esau, 1944, 1946); 
( Stenar, 1932; Nygren, 1946 ); Poa alpina 
( Kiellander, 1935, 1937, 1941; Miintzing, 
1940; Akerberg, 1942; Hakansson, 1943b, 
1944); P. palustris ( Kiellander, 1937; 
Armstrong, 1937), etc.; Potentilla verna, 


etc. ( Rutishauser, 1943a, b, c, 1947; cf. : 


Gustafsson, 1946-1947); Elatostema eur- 
hyncum and E. 
1944 ). 

5. HIERACIUM TYPE—- This type was 


discovered by Rosenberg ( 1906-1907) in | 


species of Hieracium subg. Pilosella. The 
development is identical with that des- 
cribed above for the Antennaria type, from 
which it differs in that the embryo sac 
initial is not truly a megaspore mother 
cell, but rather a cell of the somatic line 


Calamagrostis spp. | 


sinuatum ( Fagerlind, | 
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(a nucellar cell, etc.). When such a case 
occurs in a plant with a complex arche- 
spore, it is not always possible to deter- 
mine whether development is of Anten- 
naria or Hieracium type. Typical examples 
of such ambiguity are seen in the Rosa- 
ceae ( Alchemilla, Potentilla, etc.). Such 
problems have been widely discussed in 
embryological literature (cf. Stebbins, 
1941; Fagerlind, 1944; Gustafsson, 1946- 
1947). For greater clarity in the scheme 
in Fig. 6, the true spore mother cell is 
shown degenerating and substituted in 
development by a somatic cell. There 
exist cases in which both apomictic and 
sexual embryo sacs develop together. 

The Hieracium type is widespread, in- 
cluding the following species: Hieracium 
sub. Pilosella spp. (Rosenberg, 1906, 
1907, 1930, etc.; cf. Gustafsson, 1946- 
1947 ); Artemisia nitida ( Chiarugi, 1926 ); 
Leontodon hispidus ( Bergman, 1935a ); 
Crepis spp. ( Babcock & Stebbins, 1938; 
Stebbins & Jenkins, 1939); Pieris 
hieracioides ( Bergman, 1935a ); Coreopsis 
bicolor (Gelin, 1934); Ochna serrulata 
( Chiarugi & Francini, 1930); Poa pratensis 
( Müntzing, 1940; Brown, 1941; Kiellan- 
der, 1941; Tinney, 1940; Äkerberg, 1939, 
1942, 1943); P. compressa ( Armstrong, 
1937); Hypericum perforatum (Noak, 
1939); Atraphaxis frutescens (Edman, 
1931); Ranunculus spp. ( Hafliger, 1943; 
cf. Gustafsson, 1946-1947); Alchemilla 
subg. Aphanes, A. arvensis ( Böös, 1924; 
Gudjonsson, 1941; cf. Gustafsson, 1946- 
1947); Malus (Sax, 1931; Dermen, 
1936 ); Sorbus ( Liljefors, 1934 ); Potentilla 
canescens, etc. ( Rutishauser, 1943-1947; 
cf. Gustafsson, 1946-1947); Elatostema 
acuminatum ( Fagerlind, 1944 ). 

The embryological literature contains 
other types which are, however, of doubt- 
ful interpretation (e.g. certain types which 
occur in Leontodon hispidus; Bergman, 
1935a ) or rare types significant only as 
abnormalities (such as in Rudbeckia 
speciosa, cf. Battaglia, 1946b, Fig. 3 
p. 50, and Erigeron karwinskianus var. 
mucronatus, cf. Battaglia, 1950a, Fig. 91, 
p. 186). Such cases are not considered 
here, since the present paragraphs are 
intended to give only a quick view of the 
main types of diploid embryo sac develop- 
ment. For the same reason types of 
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development which appear in old embryo- 
logical literature and are now rejected 
(such as Alchemilla, Helosis and Erigeron | 
types, cf. Chiarugi, 1927; Fagerlind, 
1938b; Bergman, 1941; Battaglia, 1950a ) 
have also been omitted. Fig. 6, then, | 
represents the principal types of diploid | 
(apomictic) embryo sac development | 
according to the author’s theoretical | 
views. 


Consideration of the Phylogeny of the 
Male Gametophyte 


An interpretation of the angiosperm | 
male gametophyte, parallel to that for the 
female gametophyte, is lacking in the 
embryological literature. What follows 
is a tentative description from a phylo- 
genetic point of view such as has already 
been presented for the embryo sac. 
Limitations of space and the very ex- 
tensive literature on this subject require 
that the presentation should be along 
general lines, omitting types of anomaly 
which are rare, less certain, or of minor 
significance}. 

In gymnosperms ( general case ) meiosis 
in the microspore mother cell produces a 
tetrad ( quartet ) of microspores, usually 
arranged as a tetrahedron or more rarely 
in one plane. The separation of indivi- 
dual microspores is frequently realized 
by cytoplasmatic constrictions (i.e. the 
simultaneous method ). Less frequently | 
a membrane is formed after telophase of | 
the first division (i.e. the successive | 
method, as in Taxus, cf. Dupler, 1917). | 
These same two methods are also found | 
in angiosperms. 

In gymnosperms each of the four micro- 
spores is capable of the following develop- 
ment (formation of the male gameto- 
phyte ); the nucleus of the pollen grain | 
divides the first time to produce the first 
prothallial nucleus (= 1- pr. n., Fig. 7). | 
The second division likewise produces a 
second prothallial nucleus (2: pr. n., | 
Fig. 7). After these two divisions one 


13. From a phylogenetic point of view it is of 
fundamental importance to know the number of 
divisions and to identify homologous divisions. | 
For this purpose the author prefers in the pre- 


a. work to speak usually of nuclei rather than 
cells. 
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sees a three-celled condition: first pro- 
thallial cell (nucleus), second prothallial 
cell (very small) and a third large cell 
which has generally been assigned the 
phylogenetic significance of the antheridial 
initial (anth. init., Fig. 7). Usually in 
this three-celled stage the microspore is 
shed from the sporangium. There follow 
finally a third, fourth and fifth division. 
Through the third division the nucleus of 
the antheridial initial produces the tube 
nucleus (incapable of further division ) 
and the generative nucleus. Through the 
fourth division the generative nucleus gives 
rise to the stalk nucleus (incapable of 
division) and the body nucleus. Finally 
by the fifth division the body nucleus 
produces two male nuclei ( sperms ), which 
vary in form in different systematic groups. 

The tube nucleus is usually at the end 
of the pollen tube during its growth. 
The stalk nucleus ( cell ) does not pass into 
the pollen tube and degenerates fairly 
rapidly. The prothallial cells, in those 
gymnosperms which are considered phylo- 
genetically the oldest, divide to produce a 
prothallial tissue of variable size (e.g. 
10-25 cells, or nuclei after secondary 
resorption of membranes, in Araucaria 
brasiliensis, cf. Burlingame, 1913; 6-8 in 
Podocarpus, cf. Sinnott, 1913, etc.). In 
the germinating pollen the nuclei ( cells ) 
recorded above are usually arranged in the 
following order: tube nucleus (or vege- 
tative nucleus ) and body nucleus ( or two 
male nuclei ) in the pollen tube, and stalk 
nucleus, second prothallial cell and finally 
first prothallial cell in the pollen grain. 

It is evident from what has been written 
that, as meiosis comprises the sporogenesis 
phase, the first two divisions of the pollen 
grain may be considered as the somato- 
genic divisions, while the remaining three 
divisions on the other hand are gameto- 
genic. Fig. 7 is constructed on this basis. 
The first case represents the type des- 
cribed above, which is seen in many 
gymnosperms ( and certainly not the most 
highly evolved ), such as in Keteleeria (cf. 
Wang, 1948) and also Ephedra (Land, 
1904)14. 


14. The primitiveness of Ephedra is evident 
in comparison with Welwitschia and Gnetum, 
with respect to the male gametophyte as well as 
the female (presence of archegonia). The 
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The reduction of the male gametophyte | 


is clearly delineated in the gymnosperms 
and gives an indication of the type of 
situation to be found in angiosperms. In 


the progressive reduction of the male 


gametophyte one sees the failure of the 
prothallial nuclei to divide, and then 
their disappearance. 
In the Cycadales (e.g. Dioon, 
nie, 1928; Cycas, cf. Swamy, 1948, etc.) 
there is a single somatogenic division. 
Thus, this division produces a prothallial 


nucleus and the nucleus of the antheridial 


initial (see Dioon: Fig. 7). 

In the Taxaceae (Taxus, Torreya, etc., cf. 
Dupler, 1917; Chamberlain, 1935; Sterling, 
1948 ) both somatogenic divisions are sup- 
pressed. Thus no prothallial nucleus is form- 
ed, and the first division in these cases is 


that which gives rise to the tube nucleus | 


and generative nucleus ( see Fig. 7 ). 

In the Gnetales (except Ephedra) is 
found the same type of development 
recorded above for Taxus. Pearson ( 1909, 
1912, 1929), for both Welwitschia and 
Gnetum, supposes on the contrary that 
the result of the first division is a prothal- 
lial nucleus and an antheridial initial. 
This last then produces the tube nucleus 
and generative nucleus, and finally the 
generative nucleus divides to give two 
sperm nuclei. Thus the division of gene- 
rative nucleus to give body nucleus and 


stalk nucleus is suppressed and instead 


the generative nucleus divides to produce 
two male nuclei. 

This interpretation is clearly unaccept- 
able in that it is antiphylogenetic. In 
Welwitschia and Gnetum there would still 
have to be present a prothallial cell which 
is already absent in Taxus, a less highly 
evolved species!®. It is also opposed by 
embryological evidence, such as the fact 
that in Gnetum the body nucleus and stalk 
nucleus frequently appear to be in the 
same cytoplasm (cf. Thompson, 1916). 


Such a condition must be considered as! 


author feels that further consideration and 
study is desirable of the possibility of distin- 
guishing Ephedva from the other Gnetales, and 
thus creating Ephedrales ( Ephedraceae) and 
Gnetales ( Welwitschiaceae and Gnetaceae ). 

15. It is noteworthy that in Taxus the reduc- 
tion of the female gametophyte is accompanied 
by a reduction of the male. 


cf. | 
Chamberlain, 1935; Microcycas, cf. Dow- | 


(| 


| 
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an abnormality if the two nuclei are 
|| thought to be tube nucleus and generative 
nucleus (as Pearson supposed ). 
Somatogenesis is abolished in such 
‘| gymnosperms as Taxus, Welwitschia and 
‘| Gnetum; in angiosperms, further reduction 
cannot be realized, therefore, except at the 
| expense of gametogenesis. The situation 
| in angiosperms is well known. The first 
‘) division produces the generative nucleus 
land tube nucleus (this latter usually 
‘| called vegetative nucleus). The following 
“I division of the generative nucleus gives 
‘|| directly two male nuclei. Thus the second 
| gametogenic division, which usually pro- 
| duces the body nucleus and stalk nucleus, 
{| is suppressed. 
1} One might ask why it is not the first 
i) gametogenic division which is lacking, and 
1: the first mitosis of the angiosperm 
‘pollen grain would be homologous to that 
division from which, in gymnosperms, 
‘originate body nucleus and stalk nucleus 
“(in which case this last nucleus would 
\ifunction as the tube nucleus). The 
ifauthor opposes this interpretation for the 
following reasons: (a) the stalk nucleus is 
ephemeral and does not enter the pollen 
il tube ; (b) the generative cell throughout 
;isthe spermatophytes appears to be homo- 
ogous with the primary spermatogenous 
‚cell of the pteridophytes. Among the 
d :lgymnosperms Microcycas calocoma ( Dow- 
„mie, 1928) is one species in which this 
cell divides more than once ( until as many 
„las 8 to 11 body cells have been formed ). 
‚In the other gymnosperms the generative 
,aucleus divides once, to produce the body 
{nucleus and stalk nucleus, while in angio- 
Isperms even this division is suppressed. 
1} On the basis of these phylogenetic con- 
‚ıtelusions Fig. 7 has been constructed to 
\jllustrate the progressive reduction of the 
(male gametophyte from gymnosperms to 
angiosperms. 


As he has already done for the embryo 
‚ac, the author wishes to present examples 
/pf different types of male gametophyte, 
interpreted critically and illustrated dia- 
jrrammatically according to his theoretical 


i 
Mriews. Since the literature is very ex- 
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tensive, the examples will be limited to 
a few important cases which serve to 
illustrate how the many different types 
of development may be interpreted. 


HAPLOID TYPES OF MICROSPORO- 
GENESIS AND MALE GAMETOPHYTE 
DEVELOPMENT 

The different development types of 
haploid pollen grains are well known 
(cf. Schürhoff, 1926; Schnarf, 1929; 
Maheshwari, 1949). These types will 
be omitted, since they present no diffi- 
culties in interpretation. 


DIPLOID AND TETRAPLOID ( NON-HAP- 
LOID) TYPES OF MICROSPORO- 
GENESIS AND MALE GAMETOPHYTE 
DEVELOPMENT 

The different modes of non-haploid 
pollen grain formation usually present 
difficulties of interpretation. The follow- 
ing list is intended as a critical explanation 
of the principal types now known. 

1. HIERACIUM BOREALE TYPE — This 
type was discovered and described by 
Rosenberg (1927) in Hieracium boreale. 
The heterotypic prophase is asyndetic ; 
in the anaphase the univalents remain 
undivided and give rise to a restitution 
nucleus. A regular homeotypic division 
follows ( division of restitution nucleus ), 
producing two diploid nuclei and thus a 
diad of pollen grains. The final result is 
not altered if the asyndesis is incomplete. 
Numerous cases of this type may be found 
in the literature. 

2. HIERACIUM LAEVIGATUM TYPE — Dis- 
covered by Rosenberg (1927) in Hiera- 
cium laevigatum, this type differs from 
the last only in that the restitution nucleus 
is formed at metaphase. It is found in 
different species of Hieracium ( Rosen- 
berg, 1927; Fagerlind, 19472), Secale 
(sometimes, Levan, 1942), Godetia whit- 
neyi (Hakansson, 1943a, 1946b), Rud- 
beckia laciniata ( Battaglia, 1947b ). 

3. RUDBECKIA LACINIATA TYPE — This 
type was described by the author in Rud- 
beckia laciniata ( Battaglia, 1947b). The 
first meiotic division is arrested in meta- 
phase, producing a restitution nucleus. 
The formation of a restitution nucleus also 
occurs in the homeotypic anaphase. At 
the end of meiosis one pollen grain with 
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male gametophyte development in angiosperms. 
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a single tetraploid nucleus is formed 
| (birestitution nucleus). This type pro- 
| bably also occurs in Musa, but in this case 
the mechanism of restitution remains obs- 
cure ( Dodds & Simmons, 1946 ). 

4. ALLIUM AMPLECTENS TYPE I — This 
_| type was discovered in one asynaptic form 
of Alliwm amplectens (Levan, 1940). The 
|| zygotene pairing is normal, but the failure 
of chiasma formation is almost complete. 
_|At the first metaphase are present only 
univalents ( solitary bivalents may occur ), 
that are arranged regularly at the equator. 
{The spindle is normally developed. The 
/|centromeres are not divided and the 
metaphase goes directly over into a large 
{single telophase nucleus with a peculiar 
{disc shape. The interkinesis is then uni- 
jnuclear. Subsequent stages show clearly 
ithat the centromeres remain undivided 
all through interkinesis, which is followed 
by a normal second division ( during which 
ithe centromeres divide) giving rise to 
{pollen diads with somatic chromosome com- 
-tplements (cf. Levan, 1940, pp. 363-366 ). 
| This type differs from Hieracium laevi- 
gatum in that the congression and orienta- 
tion of the chromosomes is regular. 

5. ALLIUM AMPLECTENS TYPE II — This 
\type is present as an occasional modality 
iin Allium amplectens ( Levan, 1940). The 
| frst division of meiosis is the same 
jas in the Allium amplectens type I. The 
jsecond division is omitted, and then only 
one pollen grain is formed (‘‘ monad ”, 
“\Levan, 1940). Levan has observed the 
{etraploid chromosome number in the 
anaphase of the first division of the pollen 
“lyrain. The author thinks that as in 
\4llium schoenoprasum the first division of 
he pollen grain (monad) may be a 
liplounivalent mitosis (cf. Allium schoeno- 
4 yrasum type below). Since in this way 

he nucleus of the monad ccntains a 
MHiploid number of diplounivalents, the 


il 


Jrenerative and vegetative nuclei will be 
; ‚etraploid. 

| 6. ALLIUM SCHOENOPRASUM TYPE — This 
type was discovered by Levan (1936) in 
\4llium schoenoprasum. The first division 
‘pf meiosis is regular. It is followed by 
ı long resting stage (suppression of the 
econd meiotic division ) during which the 
|hromosomes reproduce. The univalents 
| half bivalents) in this interkinetic nu- 
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cleus acquire the structure of diplo- 
univalents ( Battaglia, 1947g). The first 
division of the pollen grain is, therefore, 
not a normal mitosis, but a diplounivalent 
mitosis, and thus produces vegetative and 
generative nuclei which are both diploid. 
Occurring in certain species of Allium 
( Levan, 1936), this type may also be pro- 
duced experimentally by high tempera- 
ture (e.g. in Tradescantia, cf. Sax, 1937; 
and Fritillaria meleagris, cf. Barber, 1940). 
A similar type has been described by 
Satina and Blakeslee ( 1935 ) in F, plants 
from radium-treated pollen in Datura. 

7. FRITILLARIA TYPE — Produced_ ex- 
perimentally by Barber (1940) by the 
action of high temperature on plants of 
Fritillaria meleagris. The first meiotic 
division is arrested at diakinesis. There 
follows a long resting stage ( suppression 
of second division ), during which chromo- 
some reproduction occurs. The bivalents, 
therefore, acquire the structure of diplo- 
bivalents. Consequently the first pollen 
grain division is a diplobivalent mitosis (cf. 
Battaglia, 1947g ) and produces generative 
and vegetative (tube) nuclei which are 
both tetraploid. 


Conclusions 


(1) The reduction of the female gameto- 
phyte from gymnosperms to angiosperms 
is characterized by the disappearance of 
the archegonium. The gametogenic divi- 
sions are already suppressed in the “ last ”’ 
gymnosperms (Gnetum and Welwitschia). 
The further reduction which occurs 
in angiosperms must, therefore, occur 
at the expense of somatogenesis. A 
single somatogenic division is present in 
the embryo sacs of certain angiosperms 
( Plumbago, Adoxa, Tulipa, etc.). Meiotic 
cytokinesis may be partially or totally 
eliminated, permitting the gametophyte to 
use two or all spore nuclei for its develop- 
ment. 

(2) The reduction of the male gameto- 
phyte is attained in a different manner. 
Unlike the female gametophyte, in the 
male the somatogenesis phase is gradually 
reduced ( Cycadales ) and finally complete- 
ly suppressed (Taxus, Gnetum) in the 
gymnosperms. Gametogenesis, on the con- 
trary, still retains three divisions in the 
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gymnosperms and is merely reduced to 
two divisions in the angiosperms. 

(3) Thus, in phylogenesis, the arche- 
gonium has disappeared with the angio- 
sperms, but the antheridium, although 
reduced, is still present. In other words, 
in the evolution from gymnosperms to 
angiosperms, the somatogenesis and 
gametogenesis phases have been reduced 
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To divide Leguminosae into two or 
\three families is becoming the custom. 
MMimosaceae are separated and attached, 
geven, to Rosaceae (through Chrysoba- 
jilanoideae, it is said). Caesalpiniaceae 
Hand Papilionaceae are retained as one 
jor two families in Leguminosae pro- 
dper. The basis of this re-arrangement 
jis not satisfactorily explained, and the 
“critical tribes, linking the three sub- 
jfamilies, are unmentioned, namely Parki- 
#eae and Dimorphandreae linking Mimosoi- 
leae and Caesalpinioideae, and Swartziae, 
Hadieae and Sophoreae linking Caesal- 
sinioideae with Papilionatae. Now, seed- 
structure introduces new criteria which 
Histinguish the Leguminous seed, on the 
one hand, from the Rosouaces, and which 
ink the Mimosoid and Caesalpinioid seeds 
pn the other hand, distinguishing the 
MPapilionaceous seed as their specialization 
“ind indicating the Swartzieae as a fourth 
‚Jubfamily linking the other three, as De 
~eandolle proposed in 1825 ( Prodromus ). 
‚Che facts are more or less known, but 
jinsystematized. My intention is to pre- 
jent the main family and subfamily 
Mharacters, so far as can be judged from 
bublished accounts and from my own 
Jesearches. During 1943-1945 in Singa- 
sore, I studied in detail 71 species, re- 
jpresenting 45 genera ( Mimosoideae 8 gen., 
10 spp. ; Caesalpinioideae 15 gen., 32 spp. ; 
j’apilionatae 21 gen., 28 spp. ; Swartzio- 
jieae 1 sp. ). My impression is that seed- 
)tructure has fundamental importance in 
jlassification, perhaps even to generic 
Jınk in Papilionatae. 
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Abbreviations 


| The same abbreviations have been used 
pr lettering of the figures as in my paper 
In the Annonaceous seed, with certain 
jdditions necessitated on account of the 
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more complicated Leguminous seed. The 
full list is as follows : 


aer. aerenchyma 

av. aril 

arp. antiraphe 

c. pal. counter-palisade 
ch. chalaza 

cot. cotyledon 

cu. cuticle 

em. embryo 

en. endosperm 

ent. endostome 

ext. exostome 

i funicle 

h. hilum 

h. gl. hour-glass cells 
1.0. external integument 
4.4, internal integument 
l. lens 

Ld. linea lucida 

Mm. micropyle 

mes. mesophyll ( of i.e. ) 
N. nucellus 

D. plumule 

pal. palisade 

pl. pleurogram 

Y. radicle 

rp. raphe 

7.U.0. recurrent v.b. 

sh. subhilar tissue 
S.m. mucilage-stratum 
st. stellate cells 

t.b. tracheid bar 

v.b. vascular bundle 


In all the diagrams I have used a uni- 
form method for indicating palisade, 
hour-glass cells, vascular tissue ( dotted ), 
tracheid bar ( hatched ), aerenchyma, stel- 
late cells, and soon. Air-spaces are shown 
in black. 


The Leguminous Ovule 


The sessile or shortly stalked ovule is 
anatropous or campylotropous. The outer 
integument consists of 3-5 cell-rows on 
the sides of the ovule, and the inner 
integument of 2-3. The nucellus is well- 
developed, but consumed after fertilization 
by the embryo sac. As oddities, I have 
observed that the endostome in Amherstia 
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(Caesalp.) is red from anthocyanin at 
the time of fertilization: that in Cassia 
occidentalis (Caesalp.) the endostome, 
chalaza and funicle become deep pink 
after fertilization, the colour persisting 
only in the funicle; and that in Cassia 
hirsuta the chalaza becomes dark brown 
after fertilization. In other plants that 
I have studied, the ovule is colourless but, 
in all cases after fertilization, it becomes 
deep green because of the occurrence of 
chlorophyll in the outer integument and, 
subsequently, in the embryo. 

The first change in the ovules after 
fertilization is the lengthening of the 
funicle and, where present, the inception 
of the aril or arillode. The inner integu- 
ment enlarges by anticlinal divisions 
without multiplication or differentiation 
of its cell rows : at maturity it is more or 
less obliterated. The outer integument, 
in contrast, becomes complicated, and it 
is with its structural developments that 
I am concerned. 


General Features of the 
Leguminous Seed 


The seed is generally of medium or large 
size, more or less compressed and ex- 
albuminous, with large embryo and hard, 
dry, smooth testa. Distinctly albuminous 
seeds occur in all three subfamilies. Two 
microscopic characters distinguish the 
Leguminous testa, as emphasized by Pitot 
(1935a, b): (a) the external palisade, 
developed from the outer epidermis of the 
outer integument, and (b) the houwr-glass 
cells, developed from the outer hypodermis 
of the outer integument and, in some cases, 
from its inner epidermis. 

Any microscopic particle with these 
features is, apparently, identifiable as 
Leguminous ( Figs. 1, 2), 

A full description of the testa requires 
mention of several other features, various- 
ly present in genera or species : 

1. Cuticle (the stratum externum of 
Italian authors ). 

2. Palisade of columnar, outer epi- 
dermal cells (the Malpighian cells of 
Italian authors; also called ‘ macroscle- 
reids ’ and ‘ osteosclereids’ ), always in a 
single row and, typically, with four 
characteristics: (a) a mucilage-stratum 
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(the stratum mucilaginosum of Italian 
authors ), representing the periclinal wal) 
between the cell-lumen and the cuticle} 


Fia. 


1— Mucuna utilis 
A, outer layer of the testa on the side of th 


( Papilionaceae ) 


seed. B, 
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Fic. 2— A, Erythrophloeum guineense (Caesalp.), part of the testa from the side of the seed 
the outer part of palisade not shown, cf. Fig.3). B, Delonix vegia ( Caesalp. ), similar section. 
>, Bauhinia fassoglensis ( Caesalp.), palisade cells swollen in water, with a sketch to show these 
‘ells separating and curling back on the cuticle. x 225. 
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often with caps or cones as the layering 
of the wall on thickening ; (b) an outer 
rod-like stratum with narrow cell-lumen ; 
(c) an inner columnar stratum with wider, 
nucleate, cell-lumen ; {d) a linea lucida 
(or optical line) separating the layers 
c and b. 

3. Hypodermal hour-glass cells. 

4. Mesophyll. 

5. Inner epidermal hour-glass cells. 

6. Vascular supply. 

7. Structural modifications in the raphe- 
antiraphe compared with the sides of the 
seeds. 

8. Subhilar tissue. 

CuTICLE — This layer is always thin 
and smooth. The rather thick, tough or 
woody, pellicle or shell of the testa, often 
separable from the immature seed, consists 
of the outer ends of the palisade-cells. 

PALISADE — The prismatic, thick-wall- 
ed, contiguous cells, more or less hexagonal 
in cross-section, which make the palisade 
are derived from the outer epidermis of 
the outer integument. This simple fact 
must be emphasized, because in other 
families the palisade is shifted gradually 
inward in its origin until the outer epi- 
dermis of the inner integument may be 
the layer to differentiate. The layer 
bezins to develop when the seed is nearly 
full grown. In some cases the palisade- 
cells differentiate simultaneously over the 
whole seed, but in other cases there is a 
gradation, as in Delonix (Caesalp.) in 
which differentiation proceeds from the 
hilum to the chalaza, or a diversion, as in 
Mimosoid seeds with pleurogram (vide 
infra) where the palisade apparently 
differentiates from the sides of the seed and 
from the raphe-antiraphe independently. 
Young palisade-cells have colourless, aque- 
ous contents and their walls thicken from 
the outer end inwards, often with oblique 
pitting: in Caesalpinia pulcherrima the 
inner ends of the cells do not thicken, but 
dilate into the form of hour-glass cells. 

MUCILAGE-STRATUM — The outer peri- 
clinal walls of the palisade-cells become 
more or less gelatinous, and often show 
successive thickening. The feature is 
well marked on the sides of the seed of 
Erythrophloeum guineense ( Dimorphand- 
reae, Caesalp. ), as shown in Fig. 3. The 
outer, firmer, ends of the cell-walls project 
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as cones or caps into the mucilage-stratum, | 
the formation of which takes place by 
periclinal zones of hydration or vacuolation} 
in the outer walls. In Erythrophloeum the) 
result is a plump seed before it dries off, 
with thickly gelatinous sides and a median 
depressed band along the raphe-antiraphe | 
where the miucilage-stratum is poorly) 
developed (Figs. 6, 7). This layer is. 
fairly well-formed in Parkia and Aden-. 
anthera ( both Mimosoid ) ( Figs. 16, 17), 
and contains in Adenanthera most of the 
red, water-soluble pigment of its seed. 
In Delonix and many others the layer is: 
absent or so slight as to be scarcely 
noticeable (Fig. 2). In Bauhinia fasso- 
glensis each palisade-cell is surrounded by} 
a mucilage-sheath, derived from the pri-| 
mary layer of the wall (Fig. 2). 
LineA LucipA — This optical effect 
gives the false impression that the palisade 
consists of two layers of cells, for it occurs} 
only where there is the differentiation of 
the palisade-cells into outer and inner 
parts with difference in cell-lumen. In 
longitudinal section of the palisade-cell | 
the linea lucida shows as a bright spot in 
the cell-wall at the junction of the two 
parts : in intact or surface view it shows 
as a dark line simulating the division of 
the cell. The relation of the linea lucida 
to the palisade-cell is well shown in 
Erythrophloeum ( Fig. 3 ) : the upper figure, 
A, shows the palisade on the side of the 
seed adjoining the raphe, with the palisade-: 
cells and their mucilage-stratum shorten-| 
ing toward the low palisade on the raphe, 
B: at the hilum, C, the short palisade has) 
the linea lucida ( absent from the rest of! 
the seed ) in the position of the firm outer 
ends of the palisade-cells of the raphe. 
In many leguminous seeds there is no 
linea luctda except in the hilum-palisade. 
The hardness and impermeability of the 
dried testa is caused mainly by the} 
contraction of the walls of the palisade- 
cells as the seed ripens. When dried, 
the palisade may be almost impossible to | 
section, but a trace of water on a fractured 
surface enables the razor to glide through. 
Thus, as soon as the surface of the testa 
is cracked, the palisade swells and the 
seed can germinate. [In Melilotus alba, | 
according to Hamly (1932), the outer 
periclinal wall is more or less suberized. ]| 
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Hour-GLass CELLS — These cells have 


| a position and a form intermediate be- 


tween the palisade and the stellate-celled 
mesophyll, and so they indicate the 
interaction of evocators, or tissue-factors, 
in the developing seed. They lie between 
the palisade and mesophyll as the hypo- 
dermal layer, or they occupy the position 
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‘ of the inner epidermis of the outer integu- 
‘ment. The inner ends of the palisade- 


| cells may even themselves come into the 
‘sphere of the mesophyll and be modified 
“into 
‘The name refers to the more extreme 
‘form. Generally the cells are columnar, 
N 


but slightly waisted, and with expanded 


stellate-armed hour-glass cells. 
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stellate ends, as if they were I-girders 
of revolution with stellate arms in place 
of end-discs. Between them are wide 
air-spaces, and, if the cells are tall, 
the tissue looks like a pillared crypt. 
Usually the cells are in a single layer, but 
there are two rows in the outer hypo- 
dermis of Delonix (Fig. 2), and in the 
Papilionaceous Canavalia, Ormosia and 
Vicia there may be 2-6 rows near the 
hilum. In some cases the inner ends of 
the cells are irregularly stellate, as if 
affected by the mesophyll-factors ( Fig. 1 ). 
In other seeds there are no hour-glass cells 
or they are so rudimentary as to be in- 
distinguishable, as in Parkia, Adenanthera, 


Fic. 3 — Erythrophloeum guineense (Caesalp.). A, transverse section of the palisade at the 
“unction of the side of the testa with the raphe. B, at the raphe. 


C, at the hilum. x 225. 
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Bauhinia andCaesalpinia. The inner hour- 
glass cells are usually less defined, more 
often absent, but well-developed in Cassia. 

MESOPHYLL — This tissue forms the 
body of the testa and develops from the 


Fic. 4— Delonix regia ( Caesalp. ). 


Seed in median he re with 
verse sections, and the hilum (lower right ) in surface view. x 6. RE 
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middle cell-layer, or cell-layers, of the 
outer integument. It becomes a chloro-! 
phyllous aerenchyma consisting, typically, 
of outer and inner layers of stellate cells! 
separated by ordinary large-celled paren- 


t 
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M chyma. In some cases there are no 
 stellate cells, as in Erythrophloeum, Delo- 
| mx, Bauhinia spp., and Cassia spp. On 
‘| ripening of the seed, the tissue becomes 
4 thick-walled and the cells contract into 
angular or condensed shapes, difficult to 
| make out without reference to the un- 
ripened seed. 
|  Hizum — When the seed breaks from 
the funicle, an absciss-layer is developed, 
so that the hilum is sharply defined. The 
| absciss-layer is merely a continuation of 
the palisade of the outer integument 
{across the base of the seed, though pierced 
by the v.b.: it nearly always has the 
linea lucida. 

SUBHILAR TISSUE — Between the hilum 
and the endosperm the outer integument 
jis thickened and this subhilar tissue con- 
jsists generally of stellate-celled aeren- 
chyma. In Mimosoid-Caesalpinioid seeds 
“there is often a hard, compact tissue of 
2-6 (or more) rows of very thick-walled, 


Fic. 5 — Delonix regia (Caesalp. ). 
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pitted, contiguous cells immediately below 
the hilum and serving as a strut against 
the contraction of the testa on to the 
radicle (cf. the subhilar plug of the 
Annonaceous seed ). In the Papilionatae 
the subhilar tissue contains the enigmatic 
tracheid bar ( vide infra). On the raphe- 
side of the hilum there is often seen in 
surface view a horny patch which indicates 
a lens-shaped mass of contiguous cells 
with very thick, highly refractive walls 
and, often, dense contents: it is a local 
differentiation of the mesophyll, but 
without apparent significance. In Mimo- 
soid-Caesalpinioid seeds the v.b. often 
takes a characteristic bend round or 
through the lens. In Bauhinia the lens 
is on the micropylar side of the hilum. In 
the Papilionaceous seed it may be single 
or, apparently, the ‘corpora geminata’ 
of Italian authors. 
RAPHE-ANTIRAPHE — In this median 
longitudinal band of the testa all the 


i A, median longitudinal section of the hilar region. B, 
“ransmedian longitudinal section of the hilum. C, transmedian tangential section through the 
‘Heginning of the raphe, the v.b. enclosed in the palisade-tube. x 15. 
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cells may be variously modified, in 
ways characteristic of genera or species. 
Hour-glass cells may be missing: the 
mesophyll is rarely stellate: the mucilage- 
stratum may be missing, or feebly de- 


OL 


funicle. B, C, transverse sections, 


Fic. 6 — Erythrophloeum guineense ( Casesalp.). 


D, transmedian longitudinal section of the seed 
egume; y, woody layer of the mesocarp; z, woody layer of endocarp (as a heavy line). x3. 
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veloped : the position of the linea lucida 
may be altered. In some cases such 
modifications occur only at the beginning. 
of the raphe. The chalaza, separating | 
the raphe from the antiraphe, has little 


A, median longitudinal section of the seed with | 
in the 
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distinction other than a slight thickening 1. Symmetrical shape, the chalaza being 


or spreading of the v.b. at the opposite end from the hilum, and 
the raphe and antiraphe being equal. 
Mimosoid-Caesalpinioid Seeds (Bauhinia spp., which lack the post- 


chalazal part of the v.b., have asymmetric 
The seeds of these two subfamilies have seeds, Figs. 10, 13.) 
| the following peculiarities distinguishing 2. The v.b. extends in a single hoop in 
| them from the Papilionaceous : the raphe-antiraphe round the whole 


Fic. 7 — Erythrophloeum guineense (Caesalp.). A, median longitudinal section through the 
nilum. B, the hilum in surface view. C, transmedian longitudinal section of the hilum, 
with the funicle detached, on the micropylar side. D, the same on the raphe-side. E, the 
ame through the central part. x15. 
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seed (except those species of Bauhinia which have a short, slit-like hilum without 

entioned in the preceding paragraph ). palisade ). | 
Small a a shortly oblong, hilum 4. Long funicle (except Amherstieae- 
closed by a single palisade without median Cynometreae without arillode, Bauhinia 
groove (except Amherstieae-Cynometreae pr. p., Caesalpinia, Peltophorum ). 


cot vb. arp 


Fic. 8 — Parkia javanica ( Mimosoideae ). A, transmedian longitudinal section of the seed, 


B, two seeds in surface view, in the legume. x2, C, a median longitudinal section of the hilum, 
x15. (y, the layer of fibres and stone-cells in the outer mesocarp; z, the endocarp.) 
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| 5. Symmetrical embryo with straight, 
| Short, thick, radicle (except Bauhinia 
\spp., and Petalostyles of the Cassieae ). 
6. Thin-walled cotyledon-cells without 
starch-grains or only a few (except 
| Amherstieae-Cynometreae with thick- 
| walled, horny, cotyledon-cells, often with 
| amyloid cellulose and starch-grains ). 
ENDOSPERM — The following genera or 
tribes have distinctly albuminous seeds, 
though traces of endosperm round the 
jradicle occur in most cases (as in Papi- 
i lionatae ) : 


Fic. 
verse section respeétively. 
‘dlection of the hilum. E, 
"a, t.s. of raphe. x15. 


9 — Parkia javanica ( Mimosoideae ). 
x2. C, the hilum in surface view. x15. 
transmedian longitudinal section of the antiraphe-side of the hilum, 
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Mimosoideae — Adenanthereae and Eu- 
Mimoseae (at least in the chalazal half 
of the seed ). 

Caesalpinioideae — ( Caesalpinieae-Scle- 
rolobeae ) Caesalpinia pr. p. (e.g. in C. 
pulcherrima, but not in C. sappan ), Pelto- 
phorum, Delonix,Gymnocladus, Gleditschia, 
Schizolobium, Cercidium, Parkinsonia ; Cas- 
sieae : Bauhinia pr. p. (Dimorphandreae) 
Erythrophloeum (? except E. densiflorum), 
Dimorphandra. 

The cells of the endosperm have thick, 
deeply pitted walls with stellate lumen. 
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A, B, seeds in median longitudinal and trans- 
D, transmedian longitudinal 
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Fic. 10 — Bauhinia picta (Caesalp.). A 
in t.s. C, seed in median longitudinal section. 
funicle detached. F, funicle with aril-lobes detach 


‚ lower half of the seed 


in surface view. B, see 


D, hilum with funicle on E, hilum wit 


ed from the hilum. 2162 


|The walls swell strongly in water, when 
|the tissue resembles the medulla of an 
jalga. 

1 PLEUROGRAM — By this name I call the 
|hoop-like or heart-shaped line character- 
jistic of many Mimosoid seeds. It is a fine 
groove in the testa on each side of the 
seed, following the curve of the raphe- 
Jantiraphe, but always open at the hilar 
vend ( Figs. 8, 16, 17). 


Fic. 11— Bauhinia picta ( Caesalp. ). 
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In Adenanthera pavonina, or in Pithe- 
cellobium dulce, the pleurogram is seen in 
section as a microscopic break in the 
palisade with a slight ridge of mesophyll 
immediately internal (Fig. 17) : the testa 
has the same relatively simple structure 
on either side of the break. In the de- 
veloping seed the break arises soon after 
the epidermal cells have ceased dividing 
and have begun to elongate into palisade- 


A, median longitudinal section of the hilum with 


2 funicle attached. B, transmedian longitudinal section of the hilum to show the attachment 


the aril-lobes. x 30. 


(v, the horny tissue of the funicle ; 2, the epidermis of the funicle-head.) 
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cells. The pleurogram then appears as 
a slight depression on the outside of the 
outer integument with shorter palisade- 
cells on either side and with the meso- 
phylt-ridge incipient (Fig. 17). It looks 
as if the palisade differentiates from two 
sources, the raphe-antiraphe and the 
sides of the seed ( plus the hilum ), so that 
where these processes meet and interfere 
the groove results, and the pleurogram is 
inscribed as a morphogenetic symbol. 
Similarly one may note the limited origin 


Fic. 12 — Bauhinia picta (Caesalp. ). 


(lower right). x6. 


Fic. 
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; Successive transmedian longitudinal sections of th 
hilum, to show the attachment of the aril-lobes, from the raphe-side ( upper left) to the micropyli| 


13 — Bauhinia purpurea ( Caesalp. ). 
the head of the funicle, showing the one aril-lobe, and the hilum with the funicle detached. x6. 
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of the aril, as an indication of morpho- 
genetic centres in the developing seed. : 

In Parkia ( Fig. 16) the pleurogram is 
a similar interruption of the palisade 
with raised mesophyll, but, whereas there 
are no hour-glass cells in the testa general-| 
ly, they are distinctly, if irregularly, form-| 
ed in this ridge of mesophyll. 

In a species of Albizzia (Fig. 17) the! 
mesophyll is further altered. The single! 
layer of hour-glass cells in the testa gives} 
place over the broad low mesophyll-ridge} 


The seed in median longitudinal section: x 
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to 3-4 layers, more or less well-formed, 


and there is an internal bulge of the 
mesophyll indenting the cotyledons. 
The seeds of Leucaena glauca and Acacia 


\iauriculaeformis have the outer row of 
|hour-glass cells, as in Albizzia, but their 


}pleurogram is merely a fine groove without 
modification of the mesophyll. The rather 
similar seed of Mimosa pudica ( Fig. 17) 
has the hour-glass cells below the pleuro- 


¥gram slightly enlarged. 


The Caesalpinioideae do not have this 


§linear pleurogram, but on the sides of 
ithe seeds of many species of Cassia there 
fs an analogous modification as a slightly 
#raised, or depressed, patch of testa wholly 


circumscribed by a sharp, though not 


“lepressed, boundary : I will defer detailed 
Mescription to another paper. 
Dbther indication of a pleurogram that I 


lave met in this subfamily is in Delonix : 


The only 


a Des 


J Fic. 14 — Bauhinia picta ( Caesalp.). Ovules 
|; the time of pollination and shortly after 


15. 
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its seed has no external marking other 
than the four pale longitudinal bands — 
two on each side — marking the four 
multiseriate rows of hour-glass cells at 
the junction of the raphe-antiraphe and 
the sides of the seed: in this seed the 
palisade develops from the hilum towards 
the chalaza and not as in Adenanthera 
and Parkia. 

Whether the presence of the pleurogram 
is a generic or tribal feature of the Mimo- 
soideae, I have not ascertained. 

VASCULAR SUPPLY — The single slender 
vascular bundle lies in the mesophyll as 
a hoop stretching from the funicle round 
the seed almost to the micropyle. In 
some species of Bauhinia, only, there is 
no post-chalazal extension : among these 
species may be seen also a slight projection 
from the v.b. into the subhilar tissue 
(Figs. 11, 13, 15). The vascular bundle 
may take a characteristic course on 
immediate entry into the raphe. In 
Erythrophloeum, Adenanthera, Leucaena 
and Sindora ( Caesalp. ), it passes gradual- 
ly and obliquely to the inner part of the 
mesophyll. In Parkia and Tamarindus 
( Caesalp. ) it passes quickly and suddenly 
to the inner part of the mesophyll. In 
Delonix and, to a less degree, in Caesal- 
pinia pulcherrima and C. sappan, the 
first part of the v.b. is enclosed in a tube 
of palisade, invaginated, as it were, from 
the hilum ( Figs. 4, 5). 

The slenderness and lack of ramification 
of the v.b. may account, in part, for the 
slowness in growth of the Mimosoid- 
Caesalpinioid seeds (3-10 months) com- 
pared with the Papilionaceous (1-3 
months ). 


Papilionaceous Seeds 


The microscopic structure of the hilum 
appears to be the most characteristic 
feature of this subfamily. The Papi- 
lionaceous corolla merges into that of the 
sub-actinomorphic Caesalpinioideae in 
several aberrant genera of Sophoreae, 
as well as in the Swartzioideae, but not, 
so far as known, the hilum. Typical 
of the Papilionatae are the following 
peculiarities: 

1. Hilum often relatively large, round, 
oblong or extended, with median groove. 
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2. Tracheid bar in the subhilar tissue. 

3. Counter-palisade on the hilum. 

4. Rim-aril surrounding the head of the 
funicle and generally adherent to the 
hilum. 

5. Two recurrent v.b. in the subhilar 
tissue. 

6. Vascular supply generally without 
post-chalazal extension, often elaborated 
from the raphe and the recurrent v.b. 


; Fic. 15 — Bauhinia fassoglensis 
in median longitudinal section. 


( Caesalp. ). 
i <2) MC Movules 
seed showing the symmetrical growth with the 
detached. X6. 
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7. Asymmetry about the transmedian 
longitudinal plane, the raphe shorter than 
the antiraphe ( ovule campylotropous ). 

8. Short funicle. 

9. Exalbuminous (a few exceptions as 
Crotalaria, Text-Fig. 19, and Indigofera ). 


10. Radicle generally elongate and 
curved. 
11. Cotyledon cells generally thin- 
walled. 


A, mature seed in the legume. x1. B, see 
at the time of pollination. D, the youn 
post-chalazal v.b. E, hilum with the funicl 


| Fic. 16 — Parkia javanica ( Mimosoideae ). Transverse sections of the palisade at the pleuro- 
fgram (left) and in the central part of the side of the seed (right). x 225. 


£n. 


Fic. 17 — Mimosoid seeds showing the pleurogram in transverse section. A, Albizzia sp. 
v! laff. A. odoratissima). x40. B, Mimosa pudica. x225. C, Adenanthera pavonina, showing the 
Mature pleurogram. D, same, showing its inception in the young palisade. x 225. 
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THE BEAN-HILUM — The structure of the 
bean-hilum has long been known, mainly 
through the work of Italian botanists 
from Malpighi onwards, but it has found 
no place in general or systematic botany. 
It is one of the elaborate examples 
of plant-structure and has clearly a 
long evolutionary history. The cons- 
truction can be gathered most readily 
from the figure of Desmodium triflorum 
(see Corner, 1949a ) in which the entire 
hilum is small enough to be figured in 
detail. The head of the funicle is ex- 
panded into a bordered disc fitting like 
a stopper into the depression of the hilum. 


Fic. 18 — Tephrosia candida ( Papilionaceae ). A, lower part of the seed attached to th 
seed in median longitudinal section. 


funicle, in surface view. B, 
view with the funicle detached. x6. 
E, diagram of the vascular supply of the seed. 
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D, hilum in transmedian longitudinal section. x1 


| 


[ August 


The border is the rim-arıl, which is at 
once a rudiment and a vestige — a rudi- 
ment because it stops growing in the 
initial stages of the development of a 
large aril (as that of Swartzia pinnata, 
Fig. 22), and a vestige according to the 
durian-theory: it is the ‘terzo strato 
di cellule malpighiane ’ of Italian authors, 
but it does not have Malpighian on 
palisade-cells. The palisade of the testa 
covers the face of the hilum, as in Mimo+ 
soid-Caesalpinioid seeds, but the ad: 
jacent layer of cells in the head of the 
funicle is also transformed into a palisade- 
layer, and the cell-walls between the twa 
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x6. C, hilum in surfac! 
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: palisade-layers are practically confluent: 
| hence, this palisade of the funicle-head, 
| OT counter-balisade of the hilum ( “ cel- 
| lule de rinforzo’ of Italian authors ), 
"üb adheres to the seed on Separation from 
the funicle. 

1h Both palisade and counter-palisade 
“pare interrupted along the mid-line by a 
‘very fine groove (the median or hilar 
“Hl groove ), which can be seen in most 
| Papilionaceous seeds with the naked 
“eye, unless obscured by dried funicular 


cot, 


EIG: 
ttached ). 
jlum. x15. 


19 — Crotalaria vetusa 


( Papilionaceae ). 
B, in median longitudinal section. x6. 
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tissue. The groove is an air-passage in 
the ripe seed. It develops as a break 
in the palisades in the same way as the 
pleurogram of Mimosoid seeds or by 
drying up of a small flange of paren- 
chymatous tissue (as in the aril-lobes 
of Bauhinia and Erythrina, which I will 
describe in a later paper ). The groove 
leads to the tracheid bar which, in the 
subhilum, is a rod of short tracheids 
extending the length of the hilum, from 
raphe almost to micropyle: at the raphe- 


= 
nan 
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A, seed in hilar view (with the funicle 
C, D, E, sections of the seed, chalaza and 
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end it contacts the sheath of the v.b. or 
even the xylem, but it may also stop 
short of the v.b. In cross-section the 
tracheid bar is ovate and pointed to the 
hilar groove. The tracheids are conti- 
guous, without parenchyma, and also 
point to the hilar groove: if short, they 
have reticulate pitting: if long, they are 
scalariform. The bar appears at an 
early stage in seed-development as a 
firm strand of watery tissue, surrounded 
by a narrow sheath of small-celled paren- 
chyma. At maturity the thickened tra- 
cheids contain air, and the bar appears 
as a white strand in the subhilum. On 
either side of the bar is stellate aeren- 
chyma, generally separated from the 
palisade by several rows of contiguous, 


Fic. 20 — Mucuna bennettii ( Papilionaceae ). 


hilum with long tracheid bar ( hatched ) 


from the hilum ). 
separating. x15. 
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and the vascular supply to one side of the seed from th 
recurrent v.b. B, C, seed in chalazal view and side-view (with the funicle-head, y, separatin 
x1}. D, transmedian longitudinal section of the hilum, with the funicl 
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seeds ). Beneath, or internal to, 
tracheid bar and its aerenchyma is thin- 
walled parenchymatous tissue carryin 
the two recurrent v.b., which connect 
with the raphe v.b. at its entry to th 
seed: these v.b. do not extend beyond 
the hilum, though they may give o 
branches to the sides of the seed: followin 
Pitot, I have called them the recurrent 
vascular bundles. The tracheid bar is th 
‘lamina chilariale’ of Italian author 
and the ‘tracheid-insel’ of Tschirch, 
so named from its appearance in cross: 
section. | 

Thus, the bean-hilum is a horny patch 
bordered by a vestigial aril, surface 


A, diagram of the seed to show the elongatall 


1951] 
by the counter-palisade with median 
‘| groove, supported by the tracheid bar, 
“land carrying two vascular bundles. At 
the raphe-end there is often a horny 
lens, as in the Mimosoid-Caesalpinioid 
seed: at the other end are the micropyle 


| 


Fic. 21 — Diagrams of the vascular supply 


, Canavalia ensiformis; B, C. mexicana; C, 
, Abrus precatorius; F, Erythrina subumbrans ( 
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and the slight eminence caused by the 
tip of the curved radicle. 

VASCULAR SUPPLY — In contrast with 
the Mimosoid-Caesalpinioid seed, there 
is much variation in the 
the 


vascular supply 


in Papilionaceous. The variation 


in Papilionaceous seeds (roughly to scale). 
Sophora tomentosa; D, Indigofera enneaphylla ; 


a part only of the reticulum shown on one side 


the seed); G, Mucuna utilis ( with short raphe ). 
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may well be systematic with generic, 
if not tribal, value. I will mention only 
the more extensive differences. 

In Canavalia ensiformis (Fig. 21) 
there is a fairly long post-chalazal v.b. 
in the antiraphe, giving off short branches 
to the sides of the seed: the pre-chalazal 
v.b. is unbranched after giving off the 
two recurrent v.b. In C. mexicana 
(Fig. 21), which has an elongate hilum 
extending along the whole of one edge 
of the seed, the vascular supply is similar 
but the post-chalazal v.b. is short and 
merely forks into two branches ending 
about half-way to the micropyle. 

In contrast are the seeds of Mucuna 
(Figs. 20, 21) and Dolichos, both of 


Fic. 22 — Swartzia pinnata ( Swartzioideae ) 


wish Ske AD, 18%, 
of the vascular supply of the seed. 


the seed in median and transmedian longitudinal section. 
(y, bony ridge of hilum. ) 


which have the elongate hilum. Therd 
is no post-chalazal v.b.: the pre-chalaza) 
v.b. is very short (following the short 
raphe ); but the recurrent v.b. are strongly 
developed along the length of the hilum) 
and give off many branches to the side 
of the seeds. Vigna is similar, but thé 
hilum is shorter. (No Mimosoid or Caesali 
pinioid seed has this elongate hilum.) | 

In Erythrina (Fig. 21) there is a 
intermediate and more complicated state! 
Again, there is no post-chalazal v.b. 
but the pre-chalazal as well as the re} 
current v.b. give off the branches to the 
sides of the seed, where they anastomosé 
profusely, even re-forming into a falsa 
post-chalazal v.b. along the antiraphe. 


xvi: 
x 
\ 


À, B, C, the seed in hilar view, side-view à 
x3. F, a diagra 


In Tephrosia, Sophora, Abrus, and 
Indigofera (Fig. 21 ) there can be seen a 
progressive simplification in loss of branch- 
jing ( Tephrosia ) and in shortening of the 
recurrent v.b. (Sophora, Abrus ), until 
“yin the small seed of Indigofera there 
“remains only the short v.b. of the raphe. 

“i Thus, in the Phaseoleae for instance, 
{there occur the vascular systems of 
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Fic. 23 — Swartzia pinnata ( Swartzioideae ). 
the hilum. x15. (y, bony ridge of hilum.) 
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Canavalia, Mucuna, Erythrina, Phaseolus 
(as in Tephrosia, or without recurrent 
v.b.) and Rhynchosia, which resembles 
Abrus. So the question may be raised 
whether this feature is not as important 
in classification as the construction of 
the flower. The vascular system of the 
seed indicates its manner of growth. 
In Canavalia there appears to be a general 


YUU, 


Median and transmedian longitudinal sections 
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enlargement of the ovule: in Mucuna the 
ovule elongates mainly in the hilar 
region: in Erythrina the antiraphe does 
not develop. 

RADICLE — The rather long, curved 
radicle, typical of the bean seed, varies in 
some genera into the short median radicle 
of the Mimosoid-Caesalpinioid seed, as in 
Sophora. Short, straight, median radicles 
occur in the following genera: 

Hedysareae: Arachis. 

Galegeae: subtr. Brongniartieae ( Brong- 


niartia, Harpalyce, Lamprolobium ): Mil- 
lelia (pr. p.). 

Viceae: Cicer. 

Phaseoleae: Voandzeia. 

Dalbergieae: Andira, Dipteryx, Eu- 
chresta, Fissicalyx, Geoffraea, Pterodon. 

Sophoreae: Alexa, Bowdichia, Bow- 


ringia, Camoensia, Castanospermum, Dal- 
housiea, Diplotropis, Monopteryx, Myrocar- 
pus, Ormosia, Sophora spp., Sweetia spp. 
Though the character appears to be the 
unspecialized condition associated with 
the symmetrical seed, it may also be a 


Fic. 24 — Swartzia pinnata ( Swartzioideae ). 


the seed A, and at the junction with the bony ridge, y, of the hilum, B. x 350 


PHYTOMORPHOLOGY 


Ee |) 


1 
[ Augus 


consequence of overgrowth of the see«| 
and resultant lack of orientation of th 


embryo (vide infra ). | 


The Seed of Swartzia pinnata 


The seed of this tropical American tre} 
offers the only intermediate state, thay 
I have encountered, between the Mimoi 
soid-Caesalpinioid construction and th} 
Papilionaceous. In floral construction 
too, the Swartzioideae appear intermediat!! 
between the Caesalpinioideae and th 
Sophoreae. It is to be hoped that seed 
of other species of Swartzia and of relateaf 
genera can soon be examined: those aij 
Aldina, with massive and radially s 
metrical flowers, seem unfortunately t 
be overgrown and unlikely to be helpf 
(vide infra ). | 

The seed of S. pinnata has the followin} 
Mimosoid-Caesalpinioid characters : 

Long funicle, large aril, symmetrica 
shape with equal raphe and antiraphe, n 
extensive v.b. on the sides of the seed, n: 


Transverse sections of the nee on the side & 


"'counter-palisade, and a short, straight 
radicle. 

| But it has three Papilionaceous features, 
at least incipient : a shortening of the 
jpost-chalazal v.b., the presence of a 
recurrent v.b. in the subhilum, and a bony 
ridge along the hilum suggestive of the 
“tracheid bar. 

Its own peculiarities are the absence of 
fhilar palisades, the bony ridge of the 
nilum, and the union of the two recurrent 


become thick-walled. 

Thus the seed appears mainly Mimosoid- 
#aesalpinioid, but it has incipient the 
Jeatures of the bean-hilum. Refinement 
Ibf the diffuse and large hilum of S. pinnata 
l:ould lead to that of the bean (for detailed 
’lescription, see the account at the end of 
{his paper ). 


Overgrown Seeds 


The Leguminous seed has normally a 
9 pecific size set by differentiation of the 
alisade at a certain stage of development 
if the fruit and seed. Asa result the pod 
“onforms with the seeds. In some cases, 
%ı contrast, the seed enlarges and fills the 
en of the pod without differen- 

iation of the features of the Leguminous 
Veste Such seeds, conforming with the 
‚od, are exalbuminous and have the 
Jature of tumours, the growth of which 
1; limited by the size of the pod : hence 
) refer to them as overgrown seeds. Their 
laain character is the lack of differentia- 


L à : 
"ion of the testa, which remains em- 


Overgrown seeds occur in the following 
Genera: 
| Mimosoideae 


Entada, Pentaclethra, 
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Caesalpinioideae: ( Amherstia ? ), Bau- 
hima pr. p., Brownea, Cynometra, Deta- 
rium, Dialium, Koompassia, Mora, Saraca. 

Swartzioideae: Aldina. 

Papilionatae: Andira, Arachis, Cas- 
tanospermum, Inocarpus, Millettia pr. p., 
and probably most genera or species with 
large, thin-walled seeds in indehiscent 
fruits (e.g. Dalbergia, Derris, Dipteryx ). 

Millettia  atropurpurea  ( Papilion., 
Galegeae; Figs. 25, 26)—The large 
leathery pods contain 1-4, mostly 2-3, 
large seeds on short funicles, and they are 
very tardily dehiscent. 

The testa ( Fig. 26) consists of more or 
less superposed rows of stellate cells, the 
walls of which become irregularly thicken- 
ed with re-entrant processes on the ripening 
of the seed. The outer integument thick- 
ens in development by periclinal and 
anticlinal divisions of the epidermal cells: 
no differentiation occurs and, on ripening, 
the cells are merely dried off in various 
stages of growth. Similarly there is no 
differentiation in the hilum which lacks 
rim-aril, median groove, palisades, tra- 
cheid bar, and recurrent v.b. The vas- 
cular supply consists of a pre-chalazal 
v.b. spreading into 3-4 strands in its 
course, and of 5-6 v.b. divergent from the 
chalaza over the sides of the seed, but 
without a true post-chalazal v.b. Two 
very short processes from the v.b. of the 
raphe may be traces of the recurrent v.b. 

Thus, this seed is an enormous embryo- 
nic growth with minimum differentiation, 
filling the cavity of the legume. Its 
embryo has lost its orientation, but the 
thinness of the testa allows the radicle to 
burst through anywhere. The only Papi- 


lionaceous marks are the slightly shorter 


raphe (compared with the antiraphe ) 
and the absence of the post-chalazal v.b. 

In the following table I have given a 
few measurements that I made on some 
pods with their seeds: 


Millettia atropurpurea — Fresh weight ( gms.) of fallen pods and their contained seeds. 


SEEDS Av. wT. TOTAL AV. WT. TOTAL RANGE OF No. OF 
| PER POD OF SEED AV. WT. OF EMPTY AV. WT. SEED-WT. SEEDS 
; OF SEED POD OF POD & WEIGHED 

PER POD SEED 
1 61:8 61.8 29-1 90-9 57-4-67-1 4 
2 65-4 130-8 54-8 185-6 55-2-72-0 8 
3 47:6 142-8 54:2 197-0 34-0-58-9 12 
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Though the data are few, it is clear 
that in 1-seeded and 2-seeded pods the 
seed develops to the same maximum size 
permitted by the seed-cavity of the 
legume, but in the 3-seeded pod the 
legume has reached its full size and the 
seeds interfere with each other, becoming 
smaller. If the average weight of the 
4-seeded pod (which is rare) with its 
seeds be taken as 200 gm. and that of the 
empty pod as 55 gm., each of the four 
seeds will have an average weight of 
Ci 362m. 

Pentaclethra filamentosa ( Mimosoideae, 
Parkieae; Fig. 26) — The scimitar-like, 
dehiscent pods, some 30 cm. long, contain 
a few large, brown, exalbuminous, trapezi- 
form seeds c. 4x 3x1 cm., placed on short 
funicles (thus very unlike Parkia). The 


C 


Fic. 25 — Millettia atropurpurea ( Papilionaceae ). 


view, t.s,, and lis. x1. 


D, a diagram of the vascular supply of the seed. 


f August 
testa is a thin leathery skin of undifferen 
tiated, subaerenchymatous parenchyma, 
the cell-walls becoming somewhat thicken- 
ed and brownish at maturity: there is no 
pleurogram and the hilum has no palisade. 
The vascular supply consists of the full 
Mimosoid-Caesalpinioid hoop, which gives 
off numerous branching and anastomosing} 
laterals along its whole course, thought 
mostly from the chalaza: the laterals 
form oblong meshes on the sides of the 
seed, becoming smaller toward the micro- 
pyle. Thus this undifferentiated, butif 
highly vascularized integument contrast 
strongly with that of Parkia. | 

Saraca declinata (Caesalp., Ambhers- 
tieae ; Fig. 26) — The rich purple, dehi+ 
scent pods of this species contain 3- 
rather large, compressed, greyish brow 


j 
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seeds. The mature testa consists of 
ıundifferentiated parenchyma with th: 
"cells somewhat radially elongate and with 
\)slightly thickened browni:h walls. As in 
jall Amherstieae (and Cynometreae ) that 


processes which barely reach the sides of 
the seed. In Brownea ( Amherstieae ), 
jithe construction is similar but the laterals 


ithe seed as in Pentaclethra. 

| Bauhinia (Caesalp. ; Fig. 27) —In this 
large genus every transition seems to occur 
from normally constructed seeds of 
medium size to fairly large, overgrown 
seeds with undifferentiated testa, but 


N 


Fic. 
d'ction, 


26 — Overgrown seeds. 


x225, and surface view, X350. 


N — 


A, Millettia 
B, Pentaclethra filamentosa 
AM: the vascular supply of the seed, x1}, and the testa in ts. 225. 
: ACaesalp.), a diagram of the vascular supply of the seed. x1}. 
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without elaboration of the vascular supply. 
Thus, B. variegata and B. fassoglensis 
have a well-developed palisade with linea 
lucida: in B. picta, the palisade-cells are 
not so well-formed and lack the linea 
lucida: in B. purpurea, the palisade-cells 
are very short: in B. flammifera, they are 
scarcely differentiated. 

The largest overgrown Leguminous seeds 
appear to be the flattened seeds of 
Mora excelsa (Caesalp., Dimorphandreae ), 
12°57 cm. (? thickness ) with membran- 
ous testa (those of Dimorphandra seem 
to resemble those of Evythrophloeum, but 
lack the strong mucilage-stratum of the 
palisade ). The seeds of Aldina ( Swart- 
zioideae ) and Andira ( Sophoreae ) may 
be as massive, but are rounded. 


y— 


AEN.’ 
= = 


( Papilionaceae ), the 


testa in 
(Caesalp.), a diagram 
C, Saraca declinata 


atropurpurea 
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Aeration, Water-supply and 
Mechanical Construction 


After fertilization the ovary develops 
rapidly into the immature photosynthetic 
legume. Less quickly the ovule becomes 
the full-sized, but immature, photosyn- 
thetic seed, and lastly the embryo slowly 
becomes chlorophyllous and full-grown, 
but, as it rarely forms starch, its early 
photosynthetic activity may be incom- 
plete. At length, legume, seed-coat and 
embryo dry off in the same order, the 
embryo losing its green colour. The only 
non-chlorophyllous part of the seed is the 
endosperm. The fruit-wall and seed-coat 
must contribute in some measure photo- 
synthetically to the requirements of the 
embryo. (In the Cucurbitaceous seed- 
coat a woody layer soon develops beneath 
the outer photosynthetic layer, which is 
then cut off from the embryo and, on dry- 
ing off of the seed, its dead cells are full 
of useless starch.) 

Aeration of the seed, as judged from the 
occurrence of aerenchymatous tissue, must 
proceed through the subhilar tissue, either 
by way of the funicle or by way of the 


mm an 
K, 


Fic. 27 — Transverse sections of the testa in Bauhinia (Caesalp.). 
B. picta; C, B. purpurea; D, B. flammifera. X 225. 
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endocarp cavity, and thence between thé 
hour-glass layers. The epidermis of the 
young seed, on developing the palisade, 
must soon become more or less impervious 
to gaseous exchange. The enlargement 
of the hilum and the shortening of the 
funicle in the Papilionatae thus appear 
as means of facilitating aeration and, so, 
the growth of the seed. 

The meagre vascular supply of the 
Mimosoid-Caesalpinioid seed appears t 
be improved upon by the tracheid bar, ag 
a water-reserve, in the Papilionatae. It is 
well known that, in detached shoots, the 
transpiring leaves withdraw water from) 
the immature fruits, which become wilted 
in consequence with adverse effects on thé 
embryo. In this light the tracheid bar, as 
a reserve for maintaining the turgidity of} 
the embryo, must increase the efficiency 
seed. The endocarp-pith, or ‘ frücht-) 
brei’, of the legume may have a simila: 
function where well-developed, as i 
Cassia, Hymenaea and Parkia, by supply- 
ing water directly through the immaturé 
palisade of the seed. 

The obvious mechanical and protectiva] 
part of the Leguminous seed is the palif 


| 
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A, B. variegata; 
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‘sade: to a less extent, the mesophyll, when 


“thick-walled, will act as a cushion between 
{the palisade and the embryo. It seems 
‘hat there is necessity for protection of the 
‘embryo against the strong compression 
| nduced by the drying and shrinking of 
“the testa. The thick-walled tissue of the 
Îraphe-antiraphe, and of the subhilum, as 
well. as the tracheid bar, must act as 
‘struts withnolding the effect of this com- 
‘@ression from the edges of the cotyledons 
And the tip of the radicle. 
4 The dried out hilum, by way of its 
median groove in the Papilionatae, and 
he dried out tracheid bar may again 
i yetve for aeration of the germinating seed. 
+ In contrast, the overgrown seed pro- 
‘Brides better aeration, by lack of differ- 
jjntiation of the palisade (even with 


or longer than the antiraphe 


cells thin-walled ... 


lens on the raphe 
Hilum minute, 


Pleurogram present 


Pleurogram 
albuminous 
Pleurogram absent 


linear-oblong or 
palisade: funicle short or swollen by the arillode: 
cotyledon-cells thick-walled 
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stomata in /nocarpus ), better vascular 
supply by ramification of the bundles 
over the sides of the seed, and less need 
for mechanical protection in the thin testa. 
But such seeds, other things being equal, 
will have less power to withstand desic- 
cation and will be limited environmentally 
to humid forests or humid soil ( Arachis ). 

The intricate structure of the seed 
presents morphological and physiological 
problems, revealing the Papilionaceous 
seed as the most elaborate and, if one may 
judge from rapidity in growth, the most 
efficient. 


Conclusions 
My conclusions on the structure of the 
Leguminous seed can be summarized most 
conveniently in the following key : 


Key to Leguminous Seeds 


#lilum with rim-aril, counter-palisade, median groove, and, typi- 
cally, two recurrent v.b., mostly exalbuminous, with short 
funicle, curved radicle, and thin-walled cotyledon-cells: raphe 
shorter than the antiraphe: no pleurogram Se 3 
dilum without such features: radical typically short, straight, 
median: funicle often long: often albuminous: raphe equal to 


Papilonatae 


Hilum elongate with superficial bony ridge of isodiametric, 
sclerotic cells and with a single broad recurrent v.b.: seed 
symmetrical: cotyledon-cells thick-walled, with starch 

Hilum not so, generally small and closed by a palisade 
Hilum more or less crescentic through the presence of one 

or two aril-lobes: raphe usually longer than the 
antiraphe and then without post-chalazal v.b.: 
hour-glass cells absent: lens micropylar: cotyledon- 


Swartzia 


Bauhinia 


Hilum round or shortly oblong, generally small: raphe 
equal to the antiraphe: post-chalazal v.b. present: 


ovoid, without 


Amherstieae, 
Cynometreae 


Hilum subcircular, small, closed by the palisade: 
funicle often long: cotyledon-cells thin-walled 


Pleurogram as a fine groove open toward 
the hilum: mostly exalbuminous 
complete, 


Mimosoideae 

without groove: 
Cassia 
Caesalpinioideae 
et Mimosoideae 


ceterae 
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The Papilionaceous seed is a specializa- 
tion of the Mimosoid-Caesalpinioid. The 
seed of Swartzia appears to be phyletically 
intermediate. The seed of the Amhers- 
tieae-Cynometreae is a simplification of 
the Mimosoid-Caesalpinioid. The Bau- 
hinia-seed is a parallel to the Papiliona- 
ceous, rather than a phyletic variation, 
just as the flower, though Papilionaceous 
in the calyx, is yet fundamentally Caesal- 
pinioid. Thus the micropylar lens, the 
greater length of the raphe compared with 
the antiraphe, and the exclusion of the 
aril from the unmodified hilum of the 
Bauhinia-seed are contrary to the Papi- 
lionaceous construction. 


cha Ih. 
D 


Fic. 28 — Diagrams of the structure of Leguminous seeds. A, the Mimosoid-Caesalpini 
C, the Bauhinia modification. 


seed, with t.s. B, 
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The Rosaceous seed has been amp 
described by Péchoutre. It lacks a tru 
palisade, hour-glass cells, and aes 
celled parenchyma, as well as the trache 
bar, rim-aril, etc. The outer epiderms 
cells of the outer integument may be ver 
shortly columnar and have thickenin 
caps in the outer periclinal wall, but they 
have not the characteristic stature of th 
Malpighian cells of the Leguminosae. TH 
Rosaceous seed could be interpreted as | 
Leguminous seed with lack of pe |: 
tion in the testa, much as one finds 1 
Bauhinia, but this feature is accompanie 
by overgrowth in the Leguminous seed} 
and Rosaceous seeds are generally mua 


D, the Papilionaceous seed. 
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hsmaller than Leguminous (except in 
some Chrysobalanoideae ): indeed, the 
least differentiation of the Rosaceous testa 
Hoccurs in the smallest Rosaceous seeds, in 
strong contrast with the Papilionatae. 
HThus, the Rosaceous seed is not only 
iidifferently constructed from the Legu- 
“minous, but evolves in a different way. 
‘Its structure agrees with that of many 
other Dicotyledonous families, whereas 
the Leguminous structure stands by itself. 
«Floristically and, perhaps, vegetatively, 
there is no Rosaceous plant more primi- 
{tive than Archidendron of the Mimosoi- 
aideae. Hence I conclude that there are no 
wigrounds for the disruption of Leguminosae 
‘br for inferring any close affinity between 


i 


‚he Mimosoideae and the Rosaceae. 


Summary 


| An attempt is made to show the syste- 
natic importance of the structure of the 
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Leguminous seed. The family is charac- 
terized by the outer epidermal palisade 
ofthe outer integument and its hypodermal 
layer of hour-glass cells. The cell- and 
tissue-layers of the testa are described in 
detail. The Papilionaceous seed is char- 
acterized particularly by the hilum which 
has, typically, a rim-aril, median groove, 
counter-palisade, tracheid bar, and two 
recurrent vascular bundles. The seed of 
Swartzia pinnata suggests that the Swar- 
tzioideae may have a seed-structure inter- 
mediate between that of the Papiliona- 
ceous and the Mimosoid-Caesalpinioid. 
The Bauhinia-seed is a counterpart of the 
Papilionaceous, rather than an ancestral 
condition. The Mimosoid seed is in- 
distinguishable from the Caesalpinioid 
except for the presence, in many genera, 
of a roughly heart-shaped groove on the 
sides of the seed, called the plewrogram. 
The vascular supply of the Papilionaceous 
seed may have generic, if not tribal, value 


Fic. 29 — Diagrams of hilum of Leguminous seeds in transmedian longitudinal section. 
Mimosoid-Caesalpinioid seed, with surface view of hilum and micropyle. 
odification. C, Papilionaceous seed, with the hilum in surface view. 


B, Bauhinia 
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in classification. In all four subfamilies 
there occur large seeds with undifferen- 
tiated testa, and such are called overgrown 
seeds. The Rosaceous seed has none 


| 
Description of the Seeds Figured | 
| 


MIMOSOIDEAE — Adenanthera pavonina: seeds 
8-9 x 5 mm., scarlet, shiny, subcordate, with 
pleurogram: hilum 0-6 mm. wide, elliptic, closed 
by the palisade: funicle 3-5 mm. long, pink, with 
slight aril ( covering the micropyle ): endosperm 
horny, thick walled. 

Testa thick, very hard: palisade with long 
cells, the walls thickened and orange red, swell- 
ing strongly in water and the colour dissolving, 
without linea lucida, but with slight mucilage- 
stratum ( except at the beginning of the raphe ): 
hour-glass cells absent: mesophyll of thick-walled, 
colourless cells, contiguous near the palisade, 
substellate toward the i.i., with a slight indica- 
tion of an inner layer of hour-glass cells: pleu- 
rogram without modification of the testa: lens 
absent: v.b. simple, without flexure: cotyledon- 
cells with slightly thickened walls and few 
minute (1-2u) starch-grains or none. 

Albizzia sp. (aff. A. odoratissima ): seed 
10x 7:5x2-5 mm., ellipsoid, flattened, straw- 
colour, with semi-elliptic pleurogram: hilum 
c. 0:8 mm. wide, round, closed by the palisade: 
funicle 10-12 mm. long, exarillate: endosperm 
slight, thin-walled. 

Testa thin, hard: palisade rather short, 
without mucilage-stratum, with linea lucida: 
hour-glass cells as a single outer layer, short, 
absent from the raphe-antiraphe: mesophyll 
with thick-walled contiguous cells, substellate 
in the subhilum: pleurogram with the testa 
modified by thickening of the palisade ( parti- 
cularly the outer layer), with 3-4 rows of hour- 
glass cells ( often ill-defined ), and with thicken- 
ing of the mesophyll ( indenting the cotyledon ): 
lens small: v.b. simple, passing internally to the 
lens, with marked flexure: cotyledon-cells thin- 
walled, oily, with few, small, starch-grains. 

Mimosa pudica: seed 3:5x3x2 mm., pale 
brown, flattened-ovoid, with pleurogram: hilum 
0:05 mm. wide, circular, closed by the palisade: 
funicle 1-5-2 mm. long, coiled once: exarillate: 
endosperm abundant, horny, thick-walled. 

Testa thin, hard: palisade with linea lucida, 
no mucilage-stratum: hour-glass cells as a single 
short row, absent from the raphe-antiraphe: 
mesophyll with thick-walled, contiguous cells, 
stellate in the subhilum: pleurogram with slightly 
enlarged hour-glass cells: lens ill-defined, at the 
beginning of the raphe: v.b. single, passing 
through the lens with slight flexure: cotyledon- 
cells thin-walled, oily, without starch. 

Parkia javanica: seeds 25x12x10 mm. 
dull black, with large pleurogram: hilum 0-3 mm. 
wide, very small, subcircular, closed by the 
palisade: micropyle subcrenulate: funicle 15- 
20 X 0:25 mm., coiled: exarillate: exalbuminous. 
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of the characteristics of the Leguminou 
and it is concluded that alliance of th: 
Mimosoideae with the Rosaceae is u 
justified. 


Testa thick, hard: palisade well-developed 
with mucilage-stratum (absent or slight roun! 
the hilum ) and linea lucida, the inner layer 7 
the palisade-cells having brownish walls: hou 
glass cells present only immediately below tt 
pleurogram and there often ill-defined: mesophy 
thick-walled, substellate, the walls and lume 
of the cells brownish, stellate in the subhilun 
pleurogram with shorter palisade ( with reduce: 
mucilage-stratum ) and ill-defined hour-glas 
cells: Jens absent: v.b. simple, slender, withou 
flexure : cotyledon-cells thin-walled or the wall 
slightly thickened at the angles, without starch 
no oil-glands. | 

Pentaclethra filamentosa: seed 40-50 x 25-30 > 
7-9 mm., dull brown, without pleurogra 
flattened and trapeziform, overgrown: hilu 
2-5 mm. long, oblong: funicle 1:5-2 mm. long} 
short, flattened-conical: exarillate: exalbu 
minous. 

Testa thinly leathery, composed of undiffer 
entiated, somewhat thick-walled, cells: palisalidl 
hour-glass cells and stellate cells absent: v. 
branching along the whole course of the raphd 
antiraphe, the branches anastomosing on th} 
sides of the seed and converging to the hilum 
cotyledon-cells thin-walled, oily, without starch 
oil-glands abundant in the cotyledonanf 
tissue. 

CAESALPINIOIDEAE — Bauhinia picta: see 
16 x 10x3 mm., compressed bean-shaped, witifl 
asymmetric, slightly prominent chalaza, browil 
ish-ochre: hilum 0-4 mm. wide, circular witill 
two, equal lines (c. 4 mm. long ) curving alo 
the raphe ( the line of aril-attachment ), cover 
by the palisade: funicle 4 mm. long, short, thicl 
curved under the seed, with two short ridge-liH] 
aril-lobes detaching from the mature seed, 
endosperm horny, without starch, abundant. 

Testa tough: palisade short, the cell-wallil 
scarcely thickened, without linea lucida ( exceqjf 
in the hilum-palisade) or mucilage-stratuni# 
hour-glass cells absent: mesophyll parenchymal, 
tous with slight thickened walls, substellate ü 
the inner part, stellate in the subhilar tissu} 
lens surrounding the micropyle: v.b. simpl i 
without post-chalazal extension: cotyledon-cellil 
thin-walled, without starch. 

B. purpurea, B. rosea and B. violacea: as fi 
B. picta but:— without conspicuous chalazall 
aril-lobe single, short ( 1-5 mm. long ): endosper*#} 
reduced to a microscopic film: palisade-celf 
scarcely elongate, without linea lucida: mesi# 
phyll undifferentiated: v.b. with a short recurreñll! 
process in the subhilum. 


== 


B. variegata: as in B. picta but palisade-ce 
longer, with the linea lucida present throughou 
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‘mesophyll mostly substellate, 
“chickened walls. 

4 B. fassoglensis: seed 25x22x4 mm. (un- 
‚ontracted ), brown, ovoid-compressed, nearly 
Hsymmetrical, the antiraphe little shorter than 
[he raphe: hilum as in B. picta: funicle 10 mm. 
jong, broad, flattened: aril-lobes 2, 5-6 mm. 
|ong: exalbuminous, or with a very thin residual 
jilm of endosperm. 
| Testa rather thick, firm: palisade well-formed, 
he thick-walled cells with diffluent anticlinal 
dvalls and conspicuous linea lucida: hour-glass 
»pells absent: mesophyll composed of narrow outer 
md inner layers of small-celled parenchyma 
vith an intermediate, wide layer of substellate 
(ells: subhilar tissue stellate: lens well-formed 
Myound the micropyle, the palisade thin over the 
jens: v.b. simple, extending along the raphe- 
mintiraphe and with a short recurrent process 
“da the subhilum. 
oh B. flammifera: seed 25 X 20 X4-5 mm., ovoid- 
wpompressed, brown: funicle 12 x4-5x 0-5 mm., 
uattened: aril-lobes absent: endosperm copious, 
shorny. 
4 Testa thin: palisade-cells isodiametric, slightly 
lhick-walled, scarcely differentiated: mesophyll 
„wiarenchymatous, not stellate, becoming slightly 
hick-walled and shallowly pitted: v.b. simple, 
) vith a short recurrent process in the subhilum, 
lrithout post-chalazal extension: cotyledon-cells 
N hin-walled. 
HN Delonix regia: seed 17-25x5 mm., oblong, 
“iubfusiform and subcompressed, often slightly 
%-angled in t.s., fuscous brown with four pallid 
(vaguely delimited) along the angles 
from the hilum: hilum 0-8 mm. wide, round, 
tlosed by the palisade: funicle 7-8 mm. long, 
» pent at the apex: exarillate: endosperm abundant, 
rey, horny, thick-walled. 

Testa thick, hard: palisade with linea lucida, 
o mucilage-stratum, invaginated round the 
&b. at the raphe: hour-glass cells in two short 
uter rows and a single short inner row, with 
‚Jark brown contents, absent from the raphe- 
satiraphe and from the four pallid bands on 
ine angles of the seed: mesophyll of thick-walled, 
{ontiguous cells with brownish contents, stellate- 
‚&blumnar in 6-7 rows beneath the four pale 
lands, stellate with long arms in the subhilum: 
„Ins present at the beginning of the raphe and 
Surrounding that side of the hilum: v.b. simple, 
iassing through the invaginated palisade-tube, 
len passing to the inner side of the lens with a 
(rong flexure: cotyledon-cells thin-walled, oily, 
ith few, minute, starch-grains. 
"u Erythrophloeum guineense: seed 20X15 X7 
ym., elliptic-quadrate, subcompressed, with 
(ight green contents and thick gelatinous 
“Siter layer ( except for the depressed band of the 
§.:phe-antiraphe ), then drying dark grey-brown 
hid cracked: hilum 0-6 mm. wide, ellipsoid, 
osed by the palisade: funicle c. 16 mm. long, 
ıttened and strap-shaped, folded at the apex, 
-eenish yellow: exarillate: endosperm abundant, 
rny, oily, non-amyloid. 
‘Testa thickly gelatinous when moist, drying 
jacked : palisade with well-developed mucilage- 


ratum ( much reduced on the raphe-antiraphe ), 
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linea lucida absent (except from the hilum- 
palisade, which lacks the mucilage-stratum ), the 
cell-lumina with yellow oily matter: hour-glass 
cells well-developed as a single outer row all over 
the seed except at the hilum, no inner layer: 
mesophyll of thick-walled, sparsely pitted, 
contiguous cells, stellate in the subhilum: Jens 
absent: v.b. without flexure: cotyledon-cells 
thin-walled, oily, without starch. 

(E. succirubrum similar but the mucilage- 
stratum short all over the seed and, thus, the 
seed without the depressed median longitudinal 
band.) 

Saraca declinata: seed 40-45 x 30-35 x 13-15 
mm., elliptic-compressed, greyish brown: hilum 
1 mm. wide, ellipsoid, without palisade: funicle 
very short, thick: exarillate: exalbuminous. 

Testa thin, undifferentiated, without palisade, 
hour-glass cells or stellate tissue: v.b. somewhat 
flattened and ribbon-like, giving off short, 
irregular processes along its whole length ( except 
at the chalaza ), the processes scarcely extending 
on to the sides of the seed: cotyledon-cells with 
semicircular, non-amyloid, thickenings on the 
walls, with many small starch-grains. 

SWARTZIOIDEAE — Swartzia pinnata: seed 25- 
30 x20 mm., plump. heart-shaped, symmetrical, 
not compressed, yellowish fuscous mottled 
black, shiny: arıl thick, crisp, juicy, white, as a 
compressed, lobulate, conical mass round the 
head of the funicle and obscuring the hilum, 
tasting sweetish, then bitter: funicle 15-21 mm. 
long, twisted, dangling, tough, white: exal- 
buminous: hilum (hidden by the aril) as a 
depressed area round a pale brown, hard, bony 
ridge slightly bifurcate at the micropyle. 

Testa thin, easily drying and cracking, then 
peeling off ( the seeds soon killed by desiccation ) : 
palisade columnar, the anticlinal walls obliquely 
pitted, without mucilage-stratum or linea 
lucida: hour-glass cells absent: mesophyll paren- 
chymatous, slightly thick-walled at maturity, 
substellate in the subhilum: bony ridge of hilum 
composed of very thick-walled, pitted, isodiame- 
tric cells, more or less contiguous, with a rather 
abrupt transition to the palisade: head of the 
funicle with a layer of small isodiametric, 
thick-walled cells abutting on to the bony 
ridge (as an incipient counter-palisade ): Jens 
absent: v.b. flattened in the pre-chalazal part 
and giving off very short processes to the sides 
of the seed, and in the subhilum giving off 
two recurrent v.b. uniting on passing along the 
tissue of the bony ridge to the micropyle, the 
post-chalazal v.b. rather short, unbranched 
but expanding into a fan at the end: cotyledon- 
cells with the walls strongly thickened at the 
angles (non-amyloid ), with abundant large 
starch-grains. 

PAPILIONACEAE — Crotalaria retusa: seed 6 X 4 
xX2:5 mm., reniform, compressed, light brown, 
very smooth, even slippery, separating from the 
funicle before dehiscence of the pod: hilum 
small, concealed in the curvature of the seed, 
with microscopic rim-aril: funicle c. 2 X0:5 mm., 
relatively long, cylindric, the dried dead head 
remaining in the hilum: endosperm copious, 
horny, thick-walled. 
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Testa thin: palisade rather short, with distinct 
mucilage-stratum, particularly round the hilum, 
but scarcely evident at the chalaza, without 
linea lucida, cell-contents pale yellowish brown, 
the palisade-cells markedly elongate at the 
chalaza with their inner ends projecting into the 
substellate tissue of the mesophyll: hour-glass 
cells in a single, well-developed row, absent 
from the chalaza and the vicinity of the hilum: 
mesophyll with a single outer row of substellate 
cells and a few rows of thin-walled parenchy- 
matous cells, stellate-celled in the subhilum: 
lens well-formed, extending from the hilum 
along the short raphe and surrounding the 
chalaza, composed of contiguous, thick-walled 
cells: vascular supply consisting of the short 
pre-chalazal v.b. and two short, scarcely differ- 
entiated, recurrent v.b., without branches to the 
sides of the seed: counter-palisade well-developed: 
cotyledon-cells thin-walled, oily, without starch. 

Mucuna Bennettii: seed c. 20x 2010 mm. 
subcircular in outline, compressed, black, very 
hard: hilum extending round the greater part 
of the seed, with a very slight rim-aril: funicle 
short, the head extended round the hilum and 
separating as a hoop from the ripe seed: exal- 
buminous. 

Testa very hard, thick, as in M. utils and with 
similar vascular supply: cotyledon-cells with 
slightly thickened angles to the walls, swelling 
strongly in water and extruding the starch- 
grains with the other cell-contents. 

Mucuna utilis: seed 261611 mm., bean- 
shaped, compressed but rather plump, greyish 
white or slightly mottled: hilum 7x1 mm., 
oblong, surrounded by the horny, slightly 
crenulate, pale olive yellow aril c. 1 mm. thick: 
funicle short, broad, thick, but flattened: 
exalbuminous. 
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Testa leathery: palisade well-formed bu 
without linea lucida ( except in the hilum ) an 
mucilage-stratum: hour-glass cells in a singl} 
row, well-formed, absent from the raphe 
mesophyll consisting of a thin outer layer af 
substellate cells, 1-2 rows thick, a middle fairl’ 
thick parenchymatous layer, and an inner layé 
of very narrow, thick-walled, stellate cells wit! 
intricate arms, with a thick layer of stellate-cellek 
tissue in the subhilum: #acheid bar compose! 
of reticulately pitted tracheids: Zens well 
developed: vascular supply with short pre 
chalazal v.b. and well-developed recurrent v.E 
giving off branches to the sides of the seed, thi 
branches dividing, but rarely anastomosing} 
without post-chalazal v.b.: funicle with rathe 
poorly developed counter-palisade: cotyledo 
cells slightly thick-walled, with large starc 
grains. 

Tephrosia candida: seed 8x53 mm., com 
pressed-ovoid, fuscous black: hilum 2 x0-8 mm. 
ellipsoid, with a relatively large, collar-like 
whitish or pale yellow, horny rim-aril: funic 
short, broad, compressed, horny on the raphe§ 
side: exalbuminous. | 

Testa rather thick and firm: palisade well} 
formed, without linea lucida and mucilagd} 
stratum: hour-glass cells in a single row, longe 
round the hilum, shorter towards the other sid 
of the seed: mesophyll parenchymatous, wit 
many swollen, rounded, cells containing whit 
latex (as in the pericarp), the innermost laye 
consisting of substellate cells: subhilum wit 
several layers of thick-walled cells next t | 
palisade and a broad zone of substellate aerenti 
chyma: lens well-developed: vascular suppl | 
consisting of the short pre-chalazal v.b. ani 
two recurrent v.b. with very rudimenta 
branches: counter-palisade well-formed. 
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Tuis book, which is a landmark in our 
jxnowledge of the cytology of a most 
“Aifficult group, the pteridophytes, is the 
“product of approximately 18 years’ re- 
search by Prof. Manton and does great 
jcredit to her as well as to the publishers. 
{The aim of the work, as shown in the first 
‚(wo chapters, has been to find out whether 
“any of the evolutionary mechanisms known 
‚(io operate in the Cruciferae are also found 
jn the pteridophytes and whether the 
@processes of gene mutation, aneuploidy, 
‘polyploidy and hybridization have played 
_ recognizable part in species formation in 
„his group. 

«| The following chapter deals with the 
‘olyploid series in Osmunda which was 
“elected because of its easy availability, 
„ind convenience in spore germination and 
‘preparation of the prothalliand sporophylls. 
fhe series consists of n, 2n, 3n and 4n 
“ametophytes and 2n, 3n and 4n sporo- 
ıhytes. The fourth and fifth chapters 
Jeal with the three taxonomic species 
jommonly included under Dryopteris filix- 
as. One of these, D. abbreviata, is a 
_4exual diploid with a gametic chromosome 
, umber of 41; the second, D. filix-mas 
roper, has twice this number and can be 
iybridized with the first; and the third, 
W. borreri, is apogamous with 2n, 3n, 4n 
nd 5n strains, the last two being hybrids 
wetween the 2n and 3n strains and D). filix- 
The sixth chapter concerns the 
‘tology and chromosome number of 
jolystichum, Athyrium, Asplenium and 


— 
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“itter being the more common. The 
iventh chapter gives an account of the 
Itology of a number of British ferns. 
‘ere the author tries to show that nume- 
jcal changes of the aneuploid type are 
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more important in the formation of larger 
evolutionary units than polyploidy. The 
eighth chapter discusses the relationships 
of the Polypodium vulgare complex and the 
ninth of some non-British species of 
Scolopendrium, Woodsia and Polystichum. 

The 10th, 11th and 12th chapters are of 
special importance. There is first a 
general account of the development of the 
sporangia in the known apogamous ferns 
with special reference to Cyrtomium 
falcatum. The sporangia have a variable 
number of spore mother cells and in the 
same series some have 16 spore mother 
cells, others have eight or eight with 
partial cleavage, and still others have only 
four. Only the second type give rise to 
spores with the unreduced chromosome 
number. In some horticultural strains of 
Doodia caudata and Scolopendrium vulgare 
apogamy was induced by artificial means. 
A study of the meiotic stages in the 
apogamously produced individuals of the 
former showed about 70 chromosomes 
with such a high degree of pairing as to 
suggest that though gametophytic, this 
plant was not a haploid but a diploid 
derivative of an allotetraploid strain. 
Scolopendrium vulgare, however, provides 
a case of a genuine haploid sporophyte 
produced apogamously. It would be 
interesting to know more about this aspect 
of the problem particularly with reference 
to tropical ferns of which we have a great 
variety in India and Ceylon. 

Chapter 13 deals with the cytology of 
14 species of Equisetum and Chapter 14 
with that of the Psilotales. Of special 
note are the studies on the prothalli of the 
two species of Psilotum supplied by the 
late Prof. J. E. Holloway. All the pro- 
thalli from the Rangitoto Island were 
found to be diploid and the sporophytes 
were tetraploid. Evidence is brought 
forward to show that the Pszlotum occur- 
ring in New Zealand, Australia, Malay and 
perhaps Japan is all tetraploid, the 
diploid form being probably restricted to 
Ceylon. Indeed, a truly haploid prothallus 
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is so far unknown in this genus. In 
Tmesipteris some cultivated specimens 
collected from Dublin and perhaps ori- 
ginally obtained from Tasmania showed a 
sporophytic number ranging between 400 
and 500. But since other reports place 
this number close to 200, there can be 
hardly any doubt that polyploidy also 
exists in Tmesipteris. 

Chapter 15 deals with Lycopodium, 
Selaginella and Isoetes. From the presence 
of a number of unpaired chromosomes in 
L. selago it is concluded that this is a 
hybrid species. 

Chapter 16 presents a study of several 
members of the Ophioglossaceae, Hymen- 
ophyllaceae and Osmundaceae. Ophio- 
glossum vulgatum with a haploid number 
of 250-260 stands out as the plant having 
the highest number of chromosomes yet 
recorded. Hymenophyllum  tunbridgense, 
on the other hand, has the lowest chromo- 
some number (n=13 ) of all the ferns so 
far studied. 

Chapter 17 is the most important as it 
brings together the general conclusions of 
the author in 12 well-written pages which 
are sure to be of interest to all biologists. 
Evidence is presented to show that while 
the pteridophytes have employed many 
of the same evolutionary mechanisms 
as found in the flowering plants, they have 
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proceeded further in their evolution thar 
the latter group. Regarding polyploidy 
the author says that it is not in itself eithex 
ancient, or modern, or an adaptation te 
cold, or any other single climatic op 
ecological factor, but that it is correlated 
rather with climatic or geographical up 
heavals. Concerning the evolutionary 
effect of aneuploid and polyploid changes 
it is concluded that the latter mak: 
species only while the former are capabl 
of giving rise to larger groups. 

There can be no two opinions about th) 
very great importance of the book and] 
we no doubt need similar studies on liver 
worts and mosses which someone might bj 
prompted to undertake after seeing Pro} 
fessor Manton’s work. The arrangemenl 
of the material in Professor Manton’s bool 
seems, however, to call for some comment 
The author could either have treated th} 
group according to some recognized sche | 
of classification or divided the content} 
into suitable topics following one anotheif 
in some logical sequence but she seems td 
do neither and follows a rather peculial 
course. However, the number of plan 4 
treated by her is not large and with thi 
help of the index and the last two appeni 
dices one can easily find the information} 
one wants. 
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